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PREFACE 


I.C.S.  Reference  Library  volumes  are  sent  to  each  student 
of  our  regular  courses  of  instruction  when  he  is  entitled 
thereto.  These  volumes  are  composed  of  Sections  containing 
the  same  text  as  the  Instruction  Papers.  Each  volume  con- 
tains the  Examination  Questions  pertaining  to  the  text  therein, 
and  if  a  Key  to  the  questions  is  necessary  it  is  also  included. 
In  the  case  of  Courses  comprising  drawing,  the  examination 
work  consists  of  drawing  exercises,  and  the  volumes  contain 
no  Examination  Questions  nor  Keys.  In  the  back  of  each* 
volume  is  a  complete  index  to  the  contents. 

In  most  cases  the  contents  of  the  volumes  are  the  same  as 
those  of  the  Instruction  Papers.  The  occasional  differences 
are  due  to  frequent  revisions  and  to  the  fact  that  the  same 
volume  is  sometimes  used  in  more  than  one  Course.  The 
student  should  send  answers  to  only  the  Examination  Ques- 
tions in  the  Instruction  Papers  comprising  his  Course. 
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TYPES  OF  MARINE  BOILERS 


INTRODUCTION 


I)KF1N1T1C)N8 


GENERAL.    NAUTICAL,    TERMS 

1  •  There  are  numerous  terms  and  phrases  used  on  board 
ship  with  which  people  living^  on  land  are  not  familiar;  hence, 
the  meaning  of  those  terms  that  are  apt  to  be  used  by  the 
marine  engineer  will  be  explained. 

Fig.  1  represents  a  plan  view  of  a  vessel.  The  forward 
part  of  the  vessel  is  called  the  bow;  the  rear  part,  the  stem. 
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Fig.  1 

The  forward  extremity  a  of  the  vessel  is  known  as  the  stem. 
An  observer  standing  so  as  to  be  looking  toward  the  bow 
has  on  his  right  the  starboard  side  of  the  vessel,  and  on 
his  left  the  port  side.  Anything  located  near  the  center  of 
the  vessel,  as  at  A,  is  said  to  be  amitlship;  any  object 
located  near  the  bow,  as  at  B^  forward;  if  located  near  the 
stern,  as  at  5",  it  is  said  to  be  aft.     Any  object  placed  so  that 
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2  TYPES  OF  MARINE  BOILERS  §9 

its  direction  is  parallel  to  the  line  ^^  is  said  to  be  placed 
fore  and  aft;  any  object  placed  so  that  its  direction  is  at 
right  angles  to  the  line  a  by  as  the  line  cd,  is  said  to  have  an 
athwart  ship  direction.  The  width  of  a  vessel  is  called 
its  beam.  The  perpendicular  distance  from  the  lowest 
point  of  the  vessel  below  the  water-line  to  the  surface  of  the 
water  is  known  as  the  draft;  it  is  expressed  in  feet  and 
inches  in  English-speaking  countries.  The  platforms  divi- 
ding a  vessel  into  horizontal  spaces,  forming  the  ceiling  of 
one  space  and  the  floor  of  the  next  space  above  it,  are  called 
deeks.  Those  parts  of  the  sides  of  a  vessel  that  project 
above,  and  surround  the  upper  deck  are  called  the  bul- 
M^arks,  or  rails.  Looking  from  either  rail  toward  the 
center  line  a  b  oi  the  vessel  is  called  looking  inboard;  look- 
ing from  the  center  line  ab  oi  the  vessel  toward  either  rail 
is  called  looking  outboard.  Any  object  outside  of  a  vessel 
that  is  in  line  with  the  athwartship  line  cd  \s  said  to  be 
abeam  or  abreast  of  the  vessel.  When  two  objects  on 
board  of  a  vessel  are  in  line  with  each  other  fore  and  aft, 
the  one  nearer  the  stern  is  said  to  be  abaft  the  other  one; 
for  example,  the  engines  are  abaft  the  boilers.  An  object 
behind  the  ship  is  said  to  be  astern,  and  one  in  front  of 
the  vessel  is  said  to  be  ahead. 

Beneath  the  deck  is  below.  Ascending  from  below  is 
going  on  deck.     Descending  from  the  deck  is  going  belozv. 

Pitching  is  the  alternate  up-and-down  motion  of  the  bow 
and  stern  of  a  vessel  in  a  rough  sea.  Rollinfir  is  the  athwart- 
ship motion  of  the  vessel  in  a  rough  sea. 

Windward  is  the  direction  from  which  the  wind  is  blow- 
ing. Leew^ard  (pronounced  lee-ard)  is  the  direction  toward 
which  the  wind  is  blowing.  When  the  wind  is  blowing 
toward  a  shore,  the  latter  is  known  as  a  lee  shore;  when  the 
wind  is  blowing  in  an  opposite  direction,  it  is  said  to  be 
blowing  off  shore.  Under  the  lee  means  being  on  the  leeward 
side  of  an  elevated  object — high  land,  for  instance. 

Way  is  the  motion  of  the  vessel  through  the  water. 

Lieeway  is  the  drift  or  sidewise  motion  of  the  vessel  to 
leeward,  driven  in  that  direction  by  the  wind.     Hternway 
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is  the  motion  of  a  vessel  when  the  engines  are  backing:,  that 
is,  the  going:  backwards  of  a  vessel.  Under  way  is  the  for- 
ward motion  of  a  vessel  when  running  on  its  course.  Getting 
under  way  is  the  operation  of  hoisting  anchor  or  casting  off 
the  lines  from  the  wharf  and  starting  the  engines. 

The  bold  is  the  cargo  or  stowage  space  belgw  deck. 

A  hatchway  is  an  opening  in  the  deck  to  receive  and 
discharge  cargo  or  stores  to  and  from  the  hold. 

Coal  bunkers  are  the  spaces  devoted  to  the  stowing 
of  coal.  Trimming:  the  bunkers  is  the  operation  of 
stowing  the  coal.  Bunker  scuttles  are  circular  openings 
in  the  deck  through  which  the  coal  is  put  into  the  bunkers. 
Coaling:  ship  is  taking  coal  on  board  and  stowing  it  in 
the  bunkers. 

An  ash  chute  is  an  inclined  trough  through  the  bulwarks 
through  which  the  ashes  are  dumped  overboard. 

A  hatch  is  the  cover  that  is  placed  over  a  hatchway  when 
the  vessel  is  at  sea.  A  compaulonway  is  a  hatchway  for 
the  ship's  company  and  passengers  to  descend  from  or 
ascend  to  the  deck  by  means  of  ladders  or  stairs. 

Shipping:  a  sea  is  the  breaking  of  a  wave  over  the 
bulwarks,  thus  flooding  the  deck. 

A  hatch  combing:  is  a  bulwark  around  a  hatchway  to 
prevent  the  water  from  going  below  when  a  sea  is  shipped^ 
or  while  washing  the  deck. 

Waterways  are  small  channels  or  gutters,  around  the 
deck  at  the  base  of  the  bulwarks,  to  carry  off  the  water. 

Scuppers  are  small  openings  through  the  base  of  the 
bulwarks  to  permit  the  water  to  flow  overboard  from  the 
waterways.       * 

Overboard  is  outside  of  the  vessel,  in  the  sea. 

The  spaces  under  the  engines,  boilers,  storerooms,  floor 
plates,  etc.  are  the  bilg:es;  pumpivg  bilges  is  the  operation 
of  pumping  out  the  water  collected  in  the  bilges. 

Coming:  to  is  the  act  of  bringing  the  vessel  to  anchor  or 
alongside  the  wharf.  Liaying:  to  is  stopping  a  vessel  while 
she  is  on  her  course  to  speak  another  vessel,  pick  up  a  pilot, 
etc.     When  speaking  of  a  vessel,  it  is  always  considered  as 
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havingf  the  feminine  slender;  thus,  she  is  under  way,  she  is 
laying  to,  etc. 

When  a  vessel  is  caught  in  a  violent  gale  and  rough  sea, 
it  is  sometimes  necessary  to  slow  the  engines  down  to 
steeragre  Avay,  which  means  to  just  speed  enough  to  cause 
the  rudder  to  act  on  the  water  sufficiently  to  control  the 
movements  of  the  vessel  and  head  the  vessel  into  the  gale; 
this  is  called  heaving^  to. 

Should  a  vessel  arrive  off  her  port  of  destination  late  in 
the  evening,  after  dark,  or  during  the  night  and  no  pilot 
is  obtainable,  it  is  customary  to  run  the  vessel  slowly  back 
and  forth  to  and  from  the  entrance  to  the  harbor  until  day- 
light; this  is  called  laying^  off  and  on.  MakluK  fast  is 
the  operation  of  securing  a  vessel  to  a  wharf  or  buoy  with 
hawsers  or  cables. 

Operating  the  engines  in  answer  to  signals  is  called 
M^orklngr  to  bells. 

When  a  screw  vessel  is  pitching  violently,  the  stem  rises 
and  lifts  the  screw  propeller  out  of  the  water  more  or  less, 
which  causes  a  sudden  increase  in  the  speed  of  the  engine; 
this  is  called  racing:. 

When  a  vessel  lying  in  the  stream  is  made  fast  at  both 
ends,  that  is,  bow  and  stern,  to  two  buoys  or  anchors,  one 
ahead  and  the  other  astern,  she  is  said  to  be  moored. 

When  a  vessel  is  riding  to  a  single  anchor  and  the  tide 
turns  she  revolves  around  a  semicircle  the  center  of  which  is 
the  anchor.  This  is  called  Hwlni^rlHff  to  the  tide,  or  just 
8Win$cln|2:.  ' 

The  engineer  on  duty  in  the  engine  room  is  the  enjjrlneer 
of  the  wateh. 

That  part  of  a  vessel  or  that  part  of  an  object  on  board  of 
a  vessel  nearest  the  bow,  is  called  the  forward  part;  and 
that  part  nearest  the  stern  is  called  the  after  part,  for 
example,  the  forward  part  of  the  fireroom;  the  after  part  of 
the  fireroom;  the  forward  boiler;  the  after  boiler. 

The  load  water-line  is  an  imaginary  line  around  the  out- 
side of  the  hull  of  a  vessel  that  coincides  with  the  water-line 
when  she  is  fully  loaded  with  cargo,  coal,  stores,  etc.     When 
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the  load  water-line,  forward,  is  below  the  surface  of  the 
water,  the  vessel  is  said  to  be  do^^m  by  the  head.  When 
the  load  water-line,  aft;  is  below  the  surface  of  the  water,  the 
vessel  is  said  to  be  down  by  the  stern. 

When  a  vessel  is  immersed  in  the  water  more  on  one  side 
than  on  the  other,  she  is  said  to  be  listed  to  port  or  listed 
to  starboard,  as  the  case  may  be.  When  a  vessel  is 
immersed  in  the  water  equally  on  both  sides,  she  is  said  to 
be  on  an  even  beam.  When  a  vessel  is  listed,  the  act 
of  stowing  the  cargo  or  using  the  coal  from  the  bunkers  so 
that  she  will  be  brought  to  an  even  beam  is  called  trini- 
mini^r  the  ship. 

A  tarpaulin  is  a  piece  of  heavy  canvas  8  or  10  feet 
square  coated  with  tar  or  painted  to  make  it  waterproof.  In 
rough  weather  the  hatchways  are  covered  with  tarpaulins 
secured  to  the  hatch  combings;  this  is  called  battening: 
doM^n  hatches. 

Bulkheads  are  the  partitions  in  the  vessel  dividing  it  into 
compartments.  Water-tight  bulkheads  are  tight  bulkheads 
placed  in  the  hull  of  a  vessel,  dividing  it  into  water-tight 
compartments,  no  t>yo  of  which  are  large  enough  to  hold 
sufficient  water,  in  case  of  a  serious  leak,  to  sink  the  ship. 

When  a  vessel  has  a  hole  knocked  in  her  bottom,  she  is 
said  to  be  stove. 

Ventilators  are  large  sheet-metal  pipes,  with  trumpet 
mouths  placed  at  right  angles  with  the  upright  part.  They 
lead  from  above  the  deck  to  the  fireroom,  hold,  etc.  to 
supply  these  spaces  with  air.  Wind  sails  are  large  canvas 
pipes  or  tubes,  with  outstretched  wings  at  their  tops,  lead- 
ing from  above  the  deck  down  through  the  hatchways  into 
the  hold  to  ventilate  the  ship  below  decks.  When  the  trum- 
pet mouths  of  the  ventilators  or  the  opening  of  the  wind 
sails  point  to  windward  they  are  said  to  be  trimmed  to 
the  wind. 

When  a  vessel  is  in  port  and  there  is  no  steam  on  the 
boilers,  the  smokestack  is  often  covered  with  a  sheet-metal 
or  canvas  covering  to  keep  out  the  rain;  this  covering  is 
called  the  smokestack  hood. 
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A  clinometer  is  an  instrument,  usually  a  pendulum, 
suspended  on  a  bulkhead,  hatch  combing,  or  other  con- 
venient place,  to  designate  the  number  of  degrees  the 
ship  rolls. 

To  enlist  in  the  merchant  service  or  in  the  navy  is 
to  ship. 

An  object  floating  helplessly  in  the  water  is  said  to  be 
adrift. 

The  speed  of  a  vessel  is  usually  measured  by  means  of  an 
instrument  called  a  loi^r-  This  consists  of  a  triangular  piece 
of  wood  weighted  at  one  side  to  keep  it  upright  in  the  water, 
and  called  the  lo^  chip.  To  the  log  chip  the  log:  line  is 
attached,  which  is  coiled  on  a  reel  and  has  pieces  of  Cord 
tied  to  it  at  equal  distances  apart.  To  measure  the  speed 
of  a  ship,  the  log  chip  is  thrown  overboard  and  the  log  line 
is  allowed  to  pay  oul,  that  is,  unreel,  until  the  first  knot 
reaches  the  observer's  hand.  He  then  calls  out  for  a  second 
observer  to  turn  over  a  sand  glass,  timed  to  run  either  28  or 
30  seconds,  and  at  the  moment  the  glass  is  turned  over,  lets 
the  log  line  pay  out  again,  noting  the  number  of  knots  that 
pass  through  the  hand  while  the  glass  is  running.  Then  the 
number  of  knots  and  fraction  thereof  counted  represent  the 
rate  of  advance  of  the  vessel  either  in  nautical  or  in  statute 
miles  per  hour.  Thus,  if  12j  knots  slip  through  the  observ- 
er's hand,  the  speed  of  the  vessel  is  said  to  be  12}  knots, 
which  corresponds  to  12i  nautical  or  statute  miles  per  hour, 
depending  on  what  mile  the  log  line  is  divided  for. 

The  nautical  mile  is  in  practice  taken  as  6080  feet,  which 
value  has  been  assigned  to  it  by  the  British  Admiralty,  and 
which  has  been  universally  adopted.  The  statute  mile  is 
5280  feet  in  length. 

For  a  2S-second  glass  the  knots  in  the  log  line  are  47.29 
feet  apart  for  the  nautical  mile  and  41.06  feet  for  the  statute 
mile;  for  a  .lO-sccond  ^lass  the  knots  are  50.6  feet  apart  for 
the  nautical  mile  and  44  feet  for  the  statute  mile. 

The  nautical  mile  is  used  as  the  unit  of  distance  in  ocean 
navigation,  and  the  statute  mile  in  river,  lake,  and  inland 
navigation  in  general. 
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Landsmen  often  erroneously  speak  of  the  speed  of  a  vessel 
as  being:  so  many  knots  per  hour;  as  has  been  explained,  the 
term  knot  defines  the  rate  of  speed,  but  not  the  distance 
traversed  in  one  hour.  This  should  be  expressed  distinctly 
in  nautical  or  statute  miles. 

The  displacement  of  a  vessel  is  equal  to  the  weig^ht  of 
the  water  it  displaces,  and  is  usually  expressed  in  tons  of 
2,240  pounds.  It  will  vary  with  the  draft,  for  the  deeper 
the  vessel  is  in  the  water,  the  more  water  will  it  displace. 
The  tonnagre  of  a  vessel  is  its  entire  internal  cubic  capacity, 
measured  in  the  United  States  in  tons  of  100  cubic  feet  each, 
in  a  manner  prescribed  by  law.  Tonnage  should  not  be 
confounded  with  displacement. 


SPECIAL    NAVAL.    TERMS 

2.  There  are  certain  phrases  used  in  the  navy  that  are 
not  commonly  used  in  the  merchant  service.  The  captain's 
quarters  is  called  the  cabin.  The  cabin  on  board  a  naval 
vessel  is  located  aft.  The  commissioned  officers'  quarters  is 
called  the  ward  room,  which  is  usually  located  just  forward 
of,  or  underneath  the  cabin,  according  to  the  construction  of 
the  vessel.  Just  forward  of  the  ward  room  is  the  steeragre, 
where  the  warrant  and  appointed  officers  and  midshipmen 
are  quartered.  The  crew  is  quartered  on  the  berth  deck, 
which  is  located  forward  of  the  engines  and  boilers.  The  hos- 
pital of  the  ship  is  called  the  sick  bay,  and  is  usually  located 
forward  of  the  berth  deck  at  the  bow.  The  ship's  prison  is 
called  the  brlf?.  The  quarter  deck  is  the  starboard  side  of 
the  main  deck  abaft  the  mainmast  when  the  vessel  is  in  port, 
and  the  windward  side  at  sea.  It  is  only  occupied  by  the  cap- 
tain, the  executive  officer,  and  the  officer  of  the  deck.  Every- 
body else  is  supposed  to  keep  off  unless  they  have  business 
with  one  of  the  officers  mentioned,  and  after  the  business  is 
transacted  they  are  expected  to  depart  immediately  for 
their  own  part  of  the  deck.  All  persons  on  entering:  on  the 
quarter  deck  are  required  to  touch  their  caps  with  the  fingers 
of  the  right  hand;  this  is  called  saluting  the  quarter  deck. 
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At  the  bow,  there  is  often  a  small  deck  elevated  above 
the  main  deck,  and  called  the  topgrallant  forecastle  (pro- 
nounced t-gallant-fo-cassel);  on  this,  in  fine  weather,  the 
crew  congregate  during  recreation  hours  to  smoke.  During 
foul  weather,  they  smoke  under  the  topgallant  forecastle  deck. 
The  Tiralsts  of  the  ship  are  the  passageways  between  the 
bulwarks  and  the  hatch  combings,  on  each  side  of  the  deck. 
That  on  the  port  side  is  called  the  port  waist;  that  on  the 
starboard  side  is  called  the  starboard  waist.  The  grang^ways 
are  openings  cut  in  the  bulwarks  of  the  vessel  for  the 
entrance  to  and  exit  of  persons  from  the  deck,  to  or  from 
boats  or  the  wharf. 

The  Tirarrant  machinists  in  the  United  States  navy  now 
act  as  assistant  engineers.  They  operate  the  engines  and 
have  charge  of  a  watch.  There  is  another  position  in  the 
engineer's  force  of  a  man-of-war,  called  the  engrlneer's 
yeomaii.  He  has  charge  of  the  tools  and  stores  (supplies), 
and  serves  them  out  when  they  are  needed.  He  also  copies 
the  log,  writes  the  reports,  and  keeps  the  expenditure  book, 
and  acts,  in  general,  as  the  chief  engineer's  clerk.  This  posi- 
tion seldom,  if  ever,  exists  in  the  merchant  service,  the  nearest 
approach  to  it  being  that  of  storekeeper,  or  man  in  charge 
of  the  stores  and  tools. 

GENEBAI^  DESCRIPTION  OF  A  BOILER 


K89ENTIAL  PARTS 

3.  A  steam  boiler  is  an  apparatus  for  the  generation  of 
steam  from  water  for  various  industrial  purposes,  such  as  the 
production  of  mechanical  power  to  operate  machinery  or  pro- 
pel vessels  through  the  agency  of  the  steam  engine,  and  for 
heating  and  drying  purposes.  A  boiler  must  contain  three 
essential  parts,  which  are:  (1)  a  place  for  the  fire,  (2)  a  place 
for  the  water,  and  (3)  a  division  or  partition  between  them. 

A  steam  boiler  consists  of  a  vessel  containing  water,  which 
is  converted  into  steam  by  the  application  of  heat.  The  heat 
is  generated  by  the  combustion  of  some  fuel,  such  as  coal, 
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wood,  petroleum,  etc.,  in  the  furnace.  To  carry  away  the 
products  of  combustion  and  to  create  a  draft,  that  is,  to 
supply  the  burning  fuel  with  air,  the  furnace  is  connected 
with  the  smokestack,  sometimes  called  the  iunncL  The 
water  used  for  the  generation  of  steam  is  supplied  to  the 
boiler  by  the  feed-apparatus,  and  enters  the  boiler  through 
the  feedpipe.  The  steam  generated  in  the  boiler  is  con- 
\  eyed  to  its  destination  by  the  steam  pipe. 

When  any  portion  of  a  boiler,  such  as  a  plate  or  tube,  is  in 
contact  with  the  fire  or  hot  gases  on  one  side  and  water  on 
the  other,  the  surface  in  contact  with  the  fire  and  hot  gases 
is  called  a  heating:  surface.  The  sum  of  all  such  surfaces 
is  called  the  total  heatmg  surfaces.  Such  surface  as  is  in  con- 
tact with  fire  or  hot  gases  of  combustion  on  one  side  and 
steam  on  the  other  side  is  called  a  superheating  surface. 

The  furnace  is  provided  with  a  gyrate,  on  which  the  fuel  is 
placed  to  be  burned.  The  grate  usually  consists  of  a  series 
of  cast-iron  bars  with  spaces  between  them  for  the  admission 
of  air  to  the  burning  fuel.  The  area  of  the  grate,  expressed 
in  square  feet,  is  called  the  grate  surface. 

It  is  imperative  that  a  steam  boiler  should  only  be  partly 
filled  with  water  when  ready  for  service.  As  1  cubic  inch  of 
water  occupies  nearly  1  cubic  foot  of  space  when  converted 
into  steam  at  the  atmospheric  pressure  (but  less  at  higher 
pressures),  a  very  considerable  portion  of  the  space  within  a 
boiler  must  be  reserved  as  a  receptacle  or  reservoir  for  the 
steam;  this  is  called  the  steam  space,  and,  as  a  matter  of 
course,  it  is  located  at  the  highest  part  of  the  boiler  above 
the  water-line.  That  portion  of  a  boiler  occupied  by  the 
water  is  called  the  ivater  space. 


CLASS  I FICATION 

4,  Steam  boilers  may  be  divided  into  four  distinct  classes 
or  types,  namely:  stationary,  portable,  locomotive,  and  marine 
boilers.  The  first  three  classes  may  be  grouped  under  the 
general  head  of  land  boilers  to  distinguish  them  from  those 
used  on  vessels,  which  are  termed  marine  boilers. 
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Marine  boilers  are  divided  into  two  distinct  types:  fire- 
tube  boilers^  and  water-tube^  or  tubulous,  boilers.  Their  distin- 
Sfuishing  features  are:  In  fire-tube  boilers,  the  flame  and 
gases  of  combustion  pass  through  tubes  or  flues  which  are 
surrounded  by  water;  whereas,  in  water-tube  boilers,  the 
water  circulates  through  the  tubes  and  the  flame  and  gases 
of  combustion  surround  them.  Another  distinguishing 
feature  is  that  in  fire-tube  boilers  the  tubes  and  flues  are 
enclosed  in  a  shell,  which  must  be  strong  enough  to  sustain 
the  steam  pressure  within  it,  while  the  tubes  of  the  water- 
tube  boilers  are  enclosed  in  a  casing  of  light  sheet-iron  lined 
with  some  refractory  and  non-heat-conducting  substance, 
such  as  asbestos,  magnesia,  mineral  wool,  etc.  This  casing 
is  not  called  on  to  sustain  any  pressure,  that  duty  being  per- 
formed by  the  tubes,  steam  drums,  and  mud-drums,  which, 
being  of  small  diameter  compared  with  the  shell  of  tubular 
or  flue  boilers,  may  be  made  of  much  thinner  plates,  and 
consequently  lighter,  than  the  shell  of  fire-tube  boilers. 


CONSTRUCTION  OF  MARINE  BOILERS 


FIRE-TUBE  BOIIiERS 


FLUE    BOILERS 

5.  Externally  Fired  Flue  Boilers. — The  simplest 
form  of  marine  boiler,  as  used  at  the  present  time,  is  the 
flue  boiler,  shown  in  Fig.  2.  This  type  of  boiler  is  still 
in  extensive  use  on  Western-river  steamboats.  It  consists 
essentially  of  a  long  cylinder  a,  called  the  shell,  made  of 
iron  or  steel  plates  riveted  together.  The  ends  of  the  boiler 
are  closed  by  flat  or  hemispherical  plates  b,  b,  called  the 
heads  of  the  boiler.  Two  or  more  flues  c,c,  in  some 
instances  as  many  as  six,  are  fixed  to  the  front  and  rear 
heads.  To  the  front  of  the  boiler  a  sheet-iron  casing  d, 
known  as  the  front  connection,  is  secured;  the  upper  part 
of  this  leads  to  the  smokestack  e.     To  give  access  to  the 


S9  TYPES  OF  MARINE  BOILERS  11 


12  TYPES  OF  MARINE  BOILERS  §9 

flues,  doors  /  are  provided.  When  two  boilers  are  placed  in 
one  setting:,  as  shown  in  the  fig^ure,  they  are  usually  con- 
nected to  a  steam  drum  g^  the  object  of  this  drum  being" 
to  furnish  dry  steam.  Pitted  to  the  steam  drum  is  the  stop- 
valve  g^\  by  means  of  which  communication  between  the 
boilers  and  the  engines  may  be  shut  off.  Connected  to  the 
stop-valve  is  the  steam  pipe  gx  that  conveys  the  steam  to 
the  engines.  Attached  to  the  top  of  the  steam  drum  is  the 
safety  valve  g' ^  which  prevents  the  steam  pressure  from 
exceeding  the  safe  working  pressure  of  the  boiler.  To 
indicate  the  steam  pressure,  a  steam  i^ii^e  /  is  attached  to 
each  set  of  boilers.  To  indicate  the  water  level  within  the 
boiler,  graugre-cocks  /  are  fitted  to  the  front  heads.  A 
manhole  5,  which  is  simply  a  hole  cut  in  the  shell  and 
closed  by  a  suitable  cover,  gives  access  to  the  inside  of  the 
boiler.  To  provide  a  quiet  place  for  the  settlement  of  the 
foreign  matter  held  in  suspension  in  the  water  used  for  feed- 
ing the*  boiler,  a  mud-drum^  ^,  connected  to  the  shell  by 
the  nozzle  h\  is  provided.  Attached  to  the  mud-drum  is  a 
blow-off  pipe  h"  provided  with  a  stop-cock,  not  shown  in  the 
figure,  by  means  of  which  the  sediment  may  be  drawn  off, 
or  the  boiler  emptied.  A  similar  drum  k  is  attached  to  the 
rear  of  the  boilers  to  receive  the  feedwater,  which  passes 
thence  into  the  boilers.  The  pipe  k'  leads  to  the  feed-pump. 
As  usually  set,  the  front  ends  of  the  boilers  are  supported 
in  a  cast-iron  front  A  resting  on  the  deck.  The  rear  ends 
are  supported  by  cast-iron  brackets  B  placed  underneath  the 
feed-drum  and  secured  to  the  deck.  Brickwork,  lined  with 
firebrick,  forms  the  sides  and  top  of  the  boiler  setting.  The 
bottom  of  the  setting  that  forms  the  lower  smoke  flue  m 
is  made  of  wrought-iron  plates  «,  n  lined  with  firebrick. 
The  furnace  C  is  placed  under  the  front  end  of  the  boiler 
shell.  The  fuel  is  thrown  in  through  the  furnace  doors 
0,0  and  burns  on  the  grate  P,  the  ashes  falling  through 
the  grate  into  the  ash-pit  D,  which  is  provided  with 
doors  Z>'.  Behind  the  furnace  is  built  the  firebrick  bridure  r. 
It  serves  to  keep  the  hot  gases  in  close  contact  with 
the  under  side  of  the  shell.     The  gases  arising  from  the 
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combustion  of  the  fuel  pass  from  the  furnace  C  over  the 
bridge  r  into  the  smoke  flue  /«,  thence  into  the  cylindrical 
boiler  flues  c,  c,  whence  they  pass  into  the  front  connection 
d  and  up  the  smokestack,  which  is  provided  with  a  damper, 
shown  at  ^.  * 

It  will  be  seen,  by  referring  to  Fig.  2,  that  the  brickwork 
of  the  setting  covers  thq,  upper  portion  of  the  boiler  shell  in 
such  a  manner  as  to  prevent  the  hot  gases  from  coming  in 
contact  with  the  shell  above  the  water-line  W.  The  part 
of  the  boiler  shell  above  the  brickwork,  the  steam  drum, 
and  the  steam  pipe  are  covered  with  some  non-conducting 
material  to  prevent  the  radiation  of  heat. 

In  the  flue  boiler,  the  heating  surface,  according  to  the 
definition,  consists  of  the  part  of  the  shell  that  is  over  the 
furnace,  the  rear  head  (both  to  be  measured  up  to  the  under 
side  of  the  top  of  the  setting),  the  inside  of  the  flues,  and 
the  front  head.  The  front  head  is  usually  omitted  in  calcu- 
lating the  heating  surface. 

6.  A  typical  modern  Western-river  steamboat  boiler 
plant  is  shown  in  Fig.  3.  Fig.  3  (a)  is  a  front  elevation, 
looking  aft.  Fig.  3  {^)  is  a  side  elevation,  looking  from 
port  to  starboard.  Fig.  3  (f )  is  a  plan  view,  a  section  being 
taken  through  the  port  boiler  aloilg  its  horizontal  center  line 
in  order  to  show  the  flues  and  the  inside  of  the  setting. 
Fig.  3  {d)  is  a  rear  view  of  the  boilers  and  setting,  part  of 
the  setting  being  broken  away  around  the  starboard  boiler, 
through  which  a  vertical  section  has'  been  taken  in  order  to 
show  the  location  of  the  flues.  The  three  boilers  A,  D ,  andC 
are  of  the  flue  type,  containing  five  flues.  The  location  of 
the  flues  is  shown  in  Fig.  3  {c)  and  {d).  There  is  one  wide 
grate  common  to  all  boilers;  when  there  are  more  than  three 
boilers  in  a  battery,  there  may  be  two  or  more  furnaces. 
The  breeching,  or  front  connection,  D,  D  is  common  to  all 
boilers,  and  is  provided  with  doors,  as  shown,  to  allow  the 
flues,  etc.  to  be  examined  and  cleaned.  The  boilers  are 
externally  fired,  and  the  gases  of  combustion  surround  about 
two-thirds  of  the  shell.     They  pass  to  the  rear  of  the  boiler. 
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and  then  th^ous^h  the  flues  forwards  ag:ain  into  the  breeching^, 
whence  they  pass  up. the  two  stacks  E,E,  The  use  of  two 
stacks  is  common  on  all  Western-river  steamers,  as  it  gives 
the  pilot  an  unobstructed  view  forward  and  aft.  When  only 
one  stack  is  used,  as  is  sometimes  done  in  the  smaller 
vessels,  it  is  usually  set  on  one  side  of  the  boat,  so  as  not  to 
obstruct  the  view  of  the  pilot.  -  Each  boiler  is  provided  with 
its  own  safety  valve;  the  nozzles  to  which  the  valves  are 
attached  are  shown  at  « ,  b^  and  c.  Occasionally  two  safety 
valves  are  used,  one  of  them  being  a  lock-up  safety  valve, 
set  by  the  boiler  inspector  to  the  steam  pressure  allowed, 
and  the  other  a  common  safety  valve.  The  three  boilers  are 
connected  by  suitable  flanged  nozzles  to  the  steam  drum  /% 
forming  a  steam  reservoir.  The  main  steam  pipe  leading  to 
the  engines  is  connected  to  the  nozzle  /.  All  other  steam 
pipes,  such  as  those  for  the  whistle,  steering  gear,  feed- 
apparatus,  capstan,  etc.,  are  also  connected  to  the  steam 
drum  at  suitable  places.  The  bottoms  of  the  three  boilers 
are  connected  together  by  two  mud-drums,  or  stand  pipes, 
as  they  are  often  called;  the.  rear  mud-drum  is  shown  at  G 
and  the  forward  mud-drum  at  H,  These  mud-drums  are 
supposed  to  provide  a  quiet  place  for  the  collection  of  mud 
and  sediment  held  in  mechanical  suspension  in  the  feedwater. 
Each  drum  is  provided  with  two  nozzles  to  which  the  mud- 
valves  or  blow-off  valves  are  attached.  Suitable  pipes  lead 
the  water  overboard.  The  nozzles  g,  g  of  the  rear  mud-drum 
are  attached  to  the  lower  part  of  the  drum  and  point  aft. 
The  nozzles  on  the  forward  drum  are  attached  to  the  lower 
part  of  the  two  heads.  One  of  these  nozzles  is  shown  at  h. 
The  nozzle  /  in  the  center  of  the  rear  mud-drum  is  for  the 
donkey  feed-pipe.  Each  boiler  has  its  own  main  feedpipe 
and  check-valve;  the  water  is  introduced  through  the  rear 
head,  and  passing  through  a  coil  of  pipe  is  delivered  in  the 
steam  space  near  the  front  of  the  boilers.  The  gauge  cocks  / 
are  in  the  rear  head  of  the  boiler,  as  are  also  the  float  water 
gauges  0.  The  purpose  of  placing  the  gauges  in  the  rear 
head  of  the  boilers  is  to  allow  the  engineer  to  see  the  height 
of  water  in   the  boilers  without  leaving   the   engine  room. 
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Suitable  manholes  and  handholes  are  provided  to  allow 
examination  and  repair  of  the  boilers,  mud-drums,  and  steam 
drums.  The  front  of  the  boiler  setting^  is  of  cast  iron;  the 
sides,  rear,  bottom,  and  top  of  sheet  iron.  Every  part  of 
the  setting:  that  is  exposed  to  the  fire  is  lined  with  firebrick. 
The  boilers  and  setting:  are  secured  to  the  deck  by  the  tie- 
rods  », ». 

7.  Internally  Fired  Flue  Boiler. — The  flue  boilers 
shown  in  Fig:s.  2  and  8  have  the  furnace  outside  of  the  boiler, 
and  hence  are  called  externally  fired  boilers.  The  desire 
for  more  compact  and  self-contained  boilers,  that  is,  for 
boilers  requiring:  no  brick  setting:,  led  to  the  development  of 
Internally  fired  boilers,  in  which  the  furnace  is  contained 
within  the  boiler  itself.  A  boiler  of  this  class,  known  as  a 
firebox  flue  boiler,  is  illustrated  in  Fig:.  4.  The  shell  of 
the  boiler  is  composed  of  two  differently  shaped  parts  riveted 
tog:ether.  The  rear  part  of  the  boiler  is  cylindrical;  the  front 
part  is  of  a  rectang:ular  cross-section  with  vertical  sides  and 
a  semicircular  top.  There  are  one  or  more  furnaces  A  (two 
in  this  case),  with  vertical  sides  and  a  round  top.  A  spacQ 
is  left  between  the  two  furnaces  as  well  as  between  the  fur- 
naces and  the  sides  of  the  boiler;  these  spaces,  shown  at  ^r, «, 
are  filled  with  water,  and  are  known  as  the  water  le^s. 
From  the  furnaces,  the  larg:e  flues  c,  r,  c  lead  to  the  combus- 
tion chamber,  or  back  connection,  B  common  to  both  fur- 
naces. Two  nests  of  tubes  T  connect  the  combustion  cham- 
ber with  the  front  connection,  or  uptake,  C,  It  will  be  noticed 
that  the  uptake  is  inside  the  boiler  and  surrounded  by  water 
at  the  lower  end  and  by  steam  at  the  upper  end.  Such  an 
uptake  is  called  a  wet  uptake  to  disting:uish  it  from  the 
form  of  an  uptake  placed  entirely  outside  of  the  boiler,  and 
known  as  a  dry  uptake.  Access  to  the  front  and  back 
connections  is  prodded  by  means  of  the  doors  />,  />'.  The 
upper  part  of  the  uptake  opens  directly  into  the  smokestack  .S", 
which  is  provided  with  a  damper  F.  The  steam  drum  E  is 
connected  to  the  shell  by  the  nozzles  e.e,  as  shown.  The 
manhole  is  shown  at  G.     Handholes  //,//,  //  are  provided  to 
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facilitate  the  cleaning  out  of  the  water  legs.  The  boiler  is 
supported  at  the  rear  by  the  cast-iron  saddle  H^  to  which 
it  is  firmly  bolted,  the  saddle  in  turn  being  securely  attached 
to  the  timbers  or  framing  of  the  bottom  of  the  vessel.  The 
front  part  of  the  boiler  is  fastened  to  a  cast-iron  frame, 
shown  at  •/.  This  frame  is  bolted  to  the  framing,  and  also 
forms  the  ash-pit  A^.  Since  the  flat  sides  of  the  furnaces  and 
shells  would  bulge  on  account  of  the  pressure,  they  must  be 
braced  or  stayed;  this  is  accomplished  by  the  screw  stays  j,  j. 
Similar  screw  stays  are  employed  to  connect  the  combustion 
chamber  with  the  rear  head,  strengthening  them  both  against 
bulging;  this  kind  of  stay  is  also  used  between  the  combus- 
tion chamber  and  the  outer  shell  except  at  the  top,  which  is 
strengthened  by  the  girder  stays  n  supported  by  the  sling 
stays  qy  g.  The  top  of  the  furnace  is  stayed  by  the  toggle 
braces  /,  /,  attached  to  rings,  shown  at  r,  r,  made  of  angle 
iron  and  riveted  to  the  shell.  Toggle  braces  p  are  used 
to  stay  the  flat  surfaces  of  the  rear  head  and  of  the  uptake. 
At  Ky  the  steam  pipe  is  attached;  at  A,  the  safety  valve; 
the  furnace  door  is  shown  at  P;  the  grate  at  M,  The 
gases  of  combustion  pass  from  the  furnaces  A  through  the 
flues  c  to  the  combustion  chamber  B,  whence  they  pass 
through  the  tubes  T  to  the  front  connection  C  and  up  the 
smokestack  5.  As  shown  in  this  figure,  the  water  legs  only 
extend  a  little  below  the  grate,  the  ash-pit  being  formed  by 
the  frame  J.  Sometimes  there  is  a  water  space  below  the 
ash-pit;  that  is,  the  furnace  and  ash-pit  are  entirely  sur- 
rounded by  water;  a  boiler  constructed  in  this  manner  is 
known  as  a  wet- bottomed  boiler.  The  type  illustrated  in 
Fig.  4  is  called  a  dry-bottomed  boiler. 

In  the  firebox  boiler  shown,  the  heating  surface  is  formed 
by  the  inside  of  the  furnaces  above  the  grate,  the  inside*  of 
the  flues  r,  the  sides,  top,  and  bottom  of  the  combustion  i^. 

chamber,  deducting,  of  course,  the  spa<jfBs  taken  up  by  the 
flues  r,f  and  the  door  D\  the  inside  of  the  tubes,  and  the 
sides  and  bottom  of  the  uptake.  Only  in  case  of  a  wet 
uptake  is  its  surface  to  be  taken  as  hcptiiv^  surface,  and  then 
only  up  to  the  water-line. 
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FIREBOX    TUBULAR    BOILERS 

8.     Wet-Bottomed     Firebox     Tubular      Boiler. — By 

extending:  the  principle  of  the  flue  boiler,  that  is,  reducing 
the  size  and  increasing  the  number  of  flues,  the  tubular 
boiler  is  evolved.  This  boiler,  which  gives  a  greater  heat- 
ing surface  than  the  flue  boiler,  is  constructed  in  various 
forms,  varying  chiefly  in  small  details.  A  pair  of  wet- 
bottomed  firebox  tubular  boilers  is  shown  in  Fig.  5. 
Boilers  of  this  kind  are  used  to  some  extent  on  steamboats 
navigating  the  Western  rivers  of  the  United  States  of 
America,  and  in  similar  service.  Fig.  5  (a)  is  a  front  view 
looking  forwards,  and  Fig.  5  (d)  a  vertical  fore-and-aft  sec- 
tion through  the  starboard  boiler.  Each  boiler  is  composed 
of  two  parts,  the  forward  part  being  cylindrical  and  the  after 
part  approximately  rectangular  with  a  semicircular  top. 
There  are  two  furnaces  in  each  boiler,  each  furnace  having 
its  own  nest  of  tubes  leading  to  the  front  connection  -♦/, 
which  is  common  to  both  furnaces.  The  steam  generated 
in  the  boilers  passes  through  the  nozzles  a  and  d  into  the 
steam  drum  B,  The  main  steam  pipe  is  connected  at  c  to 
the  steam  drum.  The  auxiliary  steam  pipes  are  also  con- 
nected to  this  drum.  The  water  space  of  both  boilers  is 
connected  by  the  mud-drum  C.  In  this  design,  each  boiler 
has  its  own  front  connection  and  smokestack,  although  more 
than  one  boiler  may  be  connected  to  one  stack.  Each  boiler 
has  its  own  safety  valve,  which  is  attached  at  d,  A  manhole 
is  shown  at  /  and  some  handholes  at  /;  these  are  placed  in 
various  pa^'ts  of  the  boiler  to  allow  it  to  be  examined  and 
cleaned.  Suitable  manholes  and  handholes  are  also  pro- 
vided for  the  steam  drum  and  mud-drum.  As  shown  in  the 
figure,  the  furnaces  are  surrounded  entirely  by  water,  hence 
this  boiler  belongs  to  the  wet-bottomed  type.  The  flat  sur- 
faces of  the  boiler  are  stayed  by  the  screw  stays  /  and  the 
diagonal  braces  w.  The  crown  sheets  of  the  furnaces  are 
stayed  by  the  crown  bars  o  made  of  T  iron,  which  are  riveted 
to  the  crown  sheets  by  numerous  rivets.  Distance  pieces  or 
thimbles  are  placed  between  the  top  of  the  crown  sheet  and 
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the  bottom  of  the  crown  bars.  The  crown  bars  are  con- 
nected to  the  top  of  the  boiler  by  the  toggle  braces  w,  which 
are  cottered  to  the  crown  bars  and  riveted  to  the  shell.  In 
the  particular  design  of  boiler  shown,  a  bridge  wall  E  is 
built  in  each  furnace.  However,  firebox  boilers  are  fre- 
quently built  without  a  bridge  wall.  The  smokestacks  are 
supported  by  the  stanchions  shown.  The  boilers  are  secured 
to  the  deck  by  tie-rods,  not  shown  in  the  illustration.  This 
style  of  boiler  being  internally  fired,  there  is  no  elaborate 
setting  required  for  them. 

9.  Dry-Bottomed  Firebox  Tubular  Boiler. — Fig.  6 
illustrates  a  form  of  a  firebox  tubular  boiler  that  is  con- 
structed with  a  dry  bottom  to  the  ash-pit,  and  from  its 
resemblance  to  the  boiler  of  a  locomotive  is  often  called  a 
locomotive  boiler.  This  type  of  boiler  is  principally  used 
in  river  and  similar  service.  The  boiler  consists  of  two  dif- 
ferently shaped  parts  riveted  together.  The  forward  part 
is  cylindrical;  the  cross-section  of  the  after  part  is  rectangu- 
lar with  a  semicircular  top.  It  has  one  large  furnace,  which 
is  surrounded  by  water  on  the  sides  and  top,  but  open  at  the 
bottom,  thus  making  it  a  dry-bottomed  boiler.  It  is  pro- 
vided with  a  steam  drum  A,  the  heads  of  which  in  the  larger 
sizes  are  stayed  by  through  stayrods  a,  a  provided  with  nuts 
on  the  inside  and  outside  of  the  heads.  The  ash-pit  is 
entirely  separate  from  the  boiler  proper,  the  grate  being 
placed  at  the  bottom  of  the  furnace.  The  flat  surfaces  of 
the  furnace  and  also  the  crown  sheet  are  stayed  by  screw 
stays  screwed  into  the  sheets  and  riveted  over.  That  part 
of  the  rear  head  which  is  not  stayed  to  the  furnace  plate  is 
stayed  by  diagonal  stays  ^,  b,  similar  stays  being  employed 
for  the  front  head.  The  bottom  of  the  water  legs,  as  the 
spaces  surrounding  the  furnace  are  often  called,  is  closed  by 
a  cast-iron  or  wrought-iron  mud-ring  c.  The  water  le<^s  are 
provided  with  handholes  in  suitable  locations;  one  of  these 
handholes  is  shown  at  e.  At  /  a  manhole  is  shown.  The 
safety  valve  is  attached  at  g.  The  gases  of  combustion 
traverse  a  nest  of  tubes  extending  from  the  rear  tube  sheet 
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to  the  front  head,  and  are  discharged  into  the  fjont  connec- 
tion hy  whence  they  pass  up  the  stack.  The  main  steam  pipe 
is  connected  to  the  nozzle  /  on  the  side  of  the  steam  drum; 
a  curved  pipe  takes  the  steam  from  the  top  of  the  drum. 


SCOTCH    BOILERS 

10.  Sinf^le-Ended  Scotcli  Boiler.  —  For  seagoing 
steam  vessels  a  type  of  internally  fired  tubular  boiler  has 
been  gradually  developed  that  is  known  commonly  as  the 
Scotch  boiler,  and  is  occasionally  spoken  of  as  the  drum 
boiler.  This  type  of  boiler  is  used  in  the  service  mentioned 
practically  to  the  exclusion,  of  all  other  types  of  fire-tube 
boilers,  and  it  is  only  within  recent  years  that  boilers  of  the 
water-tube  type  have  to  a  considerable  extent  taken  its  place. 

A  single-ended  Scotcli  boiler  is  shown  in  Fig.  7.  By 
single-ended  is  meant  that  the  boiler  has  furnaces  at  one  end 
only.  It  has  a  cylindrical  shell  with  flat  heads.  The  diam- 
eter of  these  boilers  may  vary  from  10  to  15  or  even  20  feet; 
the  length  may  vary  from  7  to  11  feet.  The  boiler  is  pro- 
vided with  two,  three,  or  four  large  corrugated  furnace 
flues  A,  A,  The  one  shown  in  the  figure  has  four.  The  rear 
end  of  each  furnace  flue  opens  into  a  combustion  cham- 
ber B,  Usually  each  flue  has  its  own  combustion  chamber, 
but  in  some  cases  two  or  more  flues  open  into  a  common 
chamber.  Nests  of  tubes  Ty  T  extend  from  the  front  plate 
of  the  combustion  chamber  to  the  front  head  of  the  shell. 
These  tubes  place  the  combustion  chambers  B^  B  in  commu- 
nication with  the  large  smoke  chamber  E^  commonly  known 
as  the  front  connection.  The  upper  part  of  this  chamber 
forms  the  uptake,  which  in  turn  leads  directly  to  the  smoke- 
stack. The  flat  heads  of  the  shell  are  kept  from  bulging  by 
the  heavy  stayrods  Ry  Ry  and  further  by  the  diagonal  braces, 
or  imlm  stays,  HyH.  About  one-third  of  the  tubes  (those 
marked  with  a  cross  in  the  figure)  are  threaded  and  provided 
with  nuts,  and  thus  act  as  stayrods  for  the  flat  surfaces 
occupied  by  the  tubes.  The  flat  sides  of  the  combustion 
chambers  are  stayed  to  each  other  and  to  the  rear  head  by 
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the  staybolts  S,S,  The  flat  tops  of  the  combustion  cham- 
bers, called  the  crown  sheets,  are  strengthened  by  the 
girder  stays,  or  dogrs,  C,  C  The  manholes  M,  M  give 
access  to  the  various  parts  of  the  boiler.  The  various  fit- 
tings are  not  shown  in  the  figure,  but  are  attached  in 
convenient  places.  The  furnaces  are  placed  within  the  cor- 
rugated flues  A,  A,  As  shown,  the  grate  G  is  made  in  three 
sections,  supported  by  the  cross-bars  K,  K,  Below  the  grate 
is  the  ash-pit  D,  At  the  rear  end  of  the  grate  is  placed  a 
firebrick  plate  P  for  the  purpose  of  preventing  cold  air  from 
sweeping  through  the  ash-pit  into  the  combustion  chamber 
without  first  passing  through  the  grate.  The  gases  arising 
from  the  combustion  of  the  coal  pass  into  the  combustion 
chamber  B^  where  they  imdergo  further  combustion  in  con- 
tact with  the  air  that  passes  through  the  grate.  The  hot 
products  of  combustion  then  pass  through  the  tubes  to  the 
front  connection  E^  and  out  through  the  smokestack.  The 
flues  and  tubes  are  completely  surrounded  by  water;  like- 
wise, the  combustion  chambers. 

11.  In  Art.  3,  it  was  stated  that  the  heating  surface  of  a 
boiler  is  the  surface  that  is  in  contact  with  the  fire  or  hot 
gases  of  combustion,  the  other  surface  of  the  plate,  etc. 
being  in  contact  with  the  water.  In  Fig.  7,  the  water  is 
shown  covering  the  tubes  Z",  7^  to  a  depth  of  several  inches. 
Hence,  from  the  foregoing  definition,  the  heating  surface  of 
a  Scotch  boiler  consists  of  the  following:  (1)  The  part  of 
the  furnace  flues  above  the  grate;  (2)  the  back,  sides,  and  top 
of  the  combustion  chamber;  (8)  the  front  plate  of  the  com- 
bustion chamber,  known  as  the  back  tube-sheet;  (4)  the 
inner  surface  of  the  tubes;  (5)  the  part  of  the  front  head 
pierced  by  the  tubes,  known  as  the  front  tube-sheet.  As 
the  front  tube-sheet  does  not  form  a  very  eflficient  heating 
surface,  it  is  customary,  not  to  consider  it  as  such  in  com- 
puting the  heating  surface  of  a  boiler. 

12.  Double-Endert  Scotch  Boiler. — In  Fig.  H  is  shown 
a  section  of  a  double-oiided  Scotch  boiler.  At  the  left 
end  of  the  figure,  the  section  is  taken  through  one  of  the 
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lower  flues,  and  at  the  right  end  through  one  of  the  upper 
flues.  The  furnace  flues  are  placed  in  each  end  of  the 
boiler,  the  combustion  chambers  being  near  the  center. 
Each  chamber  is  connected  with  the  nearest  head  by  a  nest 
of  tubes  leading  to  the  uptakes  H,  H.  The  flat  surfaces  are 
stayed  and  braced  as  just  described  in  the  case  of  the  single- 
ended  boiler  shown  in  Fig.  7.  The  process  of  combustion 
and  the  path  of  the  gases  are  the  same  as  for  the  single- 
ended  boiler.  The  plates  P,  P  prevent  air  from  passing 
from  the  ash-pit  to  the  combustion  chamber.  The  steam 
dome,  or  drum,  is  attached  at  D. 


13.  It  will  be  observed  that  a  double-ended  boiler  is 
practically  two  single-ended  boilers  with  their  back  heads 
removed  and  the  shells  placed  back  to  back  and  joined.  By 
avoiding  the  use  of  the  two  back  heads,  a  large  saving  of 
weight  is  effected,  and  the  cost  of  construction  is  less. 
Therefore,  a  double-ended  boiler  is  lighter,  cheaper,  and 
occupies  somewhat  less  space  in  length  than  two  single- 
ended  boilers  of  the  same  aggregate  steaming  capacity. 

To  still  further  lighten  double-ended  boilers,  common 
combustion  chambers  for  corresponding  furnaces  at  the  two 
ends  have  been  used.     Such  a  form  of  double-ended  boiler 
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is  shown  in  Fig.  9,  The  furnace  flues  are  placed  in  each  end 
of  the  shell,  but  each  opposite  pair  opens  into  a  common 
combustion  chamber  C.  Each  of  these  combustion  chambers 
has  two  nests  of  tubes,  one  nest  connecting  it  with  one  head, 
the  other  nest  with  the  other  head.  The  gases  from  two 
opposite  furnaces  mix  together  in  the  common  combustion 
chamber  and  then  pass  through  the  two  nests  of  tubes,  one- 
half  to  one  smoke  flue,  the  other  half  to  the  other.  In  other 
respects,  the  construction  of  the  boiler  is  similar  to  that 
shown  in  Fig.  8.     The  steam  dome  is  attached  at  S. 


Fig.  9 
14.  Clyde  Boilvr. — A  modification  of  the  Scotch  boiler, 
and,  in  outward  appearance,  resembling  it,  is  shown  in 
Fig.  10.  The  difference  between  the  two  boilers  is  in  the 
construction  of  the  combustion  chambers.  In  the  Scotch 
boiler,  the  combustion  chamber  is  surrounded  by  water; 
while,  in  the  boiler  shown  in  Fig.  10,  the  combustion  chamber 
is  not  surrounded  by  water  and  is  simply  attached  to  its  rear 
head.  For  this  reason,  it  is  often  called  a  ilr.v-bnck  Scotcli 
boiler,  although  most  engineers  refer  to  it  as  the  Clyde 
boiler,  presumably  because  this  type  was  originally  designed 
in  the  shipyards  on  the  river  Clyde,  Scotland.  The  object 
of   this  modification   is    to  reduce   the  weight  and  cost   of 
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construction.     It  provides  a  light  and  inexpensive  boiler  for 
small  and  moderate-size  vessels,  tugs,  and  like  craft. 

A  boiler  of  this  type  consists  of  a  large  cylindrical  shell  a, 
the  ends  of  which  are  closed  by  the  flat  heads  b,  b,  A  large 
furnace  flue  c  of  the  type  known  technically  as  the  Morison 
suspension  furnace  flue,  extends  clear  through  the  boiler 
and  is  securely  riveted  to  the  two  heads,  which  are  flanged 
inwards  for  this  purpose.  Above  and  beside  the  furnace  flue, 
and  parallel  thereto  and  below  the  water-line,  is  a  nest  of 
tubes  d  that  extend  from  he^d  to  head.  The  front  ends  of 
these  tubes  open  into  an  uptake  e  that  connects  with  the 
chimney  or  stack  /.  The  flat  heads  are  stayed  by  through 
stay  rods  g^g  in  the  steam  space,  which  prevent  deflection  of 
the  heads.  The  remaining  parts  of  the  flat  heads  are  sup- 
ported by  the  tubes,  which  are  expanded  and  beaded  over, 
and  by  the  furnace  flue.  The  furnace  is  placed  within  the 
furnace  flue,  and,  as  usual,  consists  of  the  grate  k,  the  ash- 
pit /,  and  the  bridge  k.  The  gases  of  combustion  flow  to  the 
rear  into  the  combustion  chamber  /  and  then  pass  through 
the  tubes  to  the  front  and  into  the  uptake.  The  combustion 
chamber  is  formed  by  a  thin  cylindrical  shell  attached  to  the 
rear  end  of  the  boiler,  and  is  lined  with  firebrick  or  thick 
asbestos  millboard,  which  is  light  and  is  not  affected  by 
intense  heat.  The  back  plate  is  removable,  giving  access  to 
the  rear  ends  of  the  tubes.  A  door  /'  gives  access  to  the 
combustion  chamber  for  the  removal  of  ashes  and  soot  and 
for  the  purpose  of  examination  and  repair.  The  feedwater 
enters  the  boiler  at  m  and,  passing  through  the  internal  per- 
forated feedpipe  ;/,  is  discharged  downwards  alongside  the 
shell  in  small  streams.  The  various  fittings  are  not  shown 
in  the  illustration.  The  steam  gauge  and  water  column 
would  naturally  be  located  close  to  the  front  end  of  the  boiler; 
the  safety  valve  is  intended  to  be  bolted  to  the  outlet  (/  and 
the  steam  pipe  to  the  outlet  (/'  of  the  nozzle  o.  The  steam 
is  collected  by  the  dry  pipe  p^  which  is  perforated  with  numer- 
ous slots  on  top.  The  dry  pipe  is  fairly  effective  in  freeing 
the  steam  from  any  water  that  may  be  mixed  with  it.  The 
mantiole  is  at  q  and  two  handholes  at  r.     The  blow-off  is 
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attached  at  s.  The  boiler 
is  entirely  self-contained, 
that  is,  it  does  not  require 
any  brickwork  setting.  It 
is  simply  bolted  to  three 
saddles  that  rest  on  and 
are  fastened  to  the  framine 
of  the  vessel. 

15.     Gunboat  BoIIrr. 

A  modification  of  the 
Scotch  boiler,  made  for 
the  purpose  of  providing 
a  boiler  of  small  diameter 
that  can  be  placed  in  gun- 
boats and  other  small 
light-draught  vessels  not 
having  space  enough 
below  the  deck  for  the 
regulation  Scotch  boiler, 
is  the  leuiiboiit  boiler, 
shown  in  ^'ig.  11.  The 
peculiarity  of  this  boiler  is 
that  the  tubes,  instead  of 
being  placed  above  and 
around  the  furnace  flues, 
are  placed  in  the  rear  and 
in  line  with  them.  Hy  this 
arrangement  of  the  parts, 
the  boiler  is  greatly 
reduced  in  diameter,  but 
its  length  is  doubled.  The 
reduced  diameter  enables 
the  shell  In  be  made  of 
thinner  plates.  This  boiler 
I'linsists  (if  the  cylin<!rical 
shell  ■(  with  Hat  heads  /:f>. 
The  corrugated  furnace 
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flues  c,c  are  similar  to  those  used  in  the  ordinary  Scotch 
boiler,  and,  as  usual,  contain  the  grates.  The  combustion 
chamber  d  is  made  twice  the  depth  of  the  combustion  cham- 
ber of  a  Scotch  boiler  of  the  same  capacity,  to  compensate 
for  its  reduced  height.  The  tubes  e  extend  from  the  rear 
wall  of  the  combustion  chamber  to  the  rear  head  of  the 
boiler.  The  uptake  or  smokebox  (not  shown  in  the  illus- 
tration) leading  to  the  smokestack  is  attached  to  the  rear 
head  of  the  boiler.  The  combustion  chamber  is  provided 
with  the  vertical  tapering  tubes  /,/,/.  These  connect  the 
upper  and  lower  parts  of  the  water  space  together,  promote 
circulation,  add  considerably  to  the  heating  surface,  and 
assist  in  staying  and  strengthening  the  flat  top  of  the  com-, 
bustion  chamber.  They  are  made  tapering  to  enable  the 
flange  at  the  lower  or  smaller  end  of  the  tube  to  be  passed 
through  the  opening  in  the  top  sheet  of  the  combustion 
chamber  while  the  boiler  is  under  construction.  The  taper- 
ing form,  with  the  large  end  uppermost,  also  facilitates  the 
release  and  discharge  of  the  steam  that  is  generated  within 
the  tubes,  which  are  called  Gallo^way  tubes.  The  heads 
are  braced  by  the  tubes  e,  the  furnace  flues  c^c,  the  longitu- 
dinal braces  g,  and  the  diagonal  braces  or  palm  stays  //,  h. 
The  palm  stays  are  made  of  round  bar  iron  or  steel  with  flat 
pieces  welded  to  them.  In  some  cases,  they  have  a  palm  i 
at  each  end,  which  are  riveted  to  the  shell  and  the  head  of 
the  boiler;  in  other  cases,  they  have  a  palm  at  one  end  only 
and  are  threaded  at  the  other  end.  When  they  are  made  in 
this  way,  the  palm  end  is  riveted  to  the  shell  of  the  boiler 
and  the  threaded  end  passes  through  the  head,  with  a  nut  on 
each  side  of  the  plate,  as  shown  at  y.  The  flat  top  of  the 
combustion  chamber  is  braced  by  the  sling  stays  k,  k.  The 
sides  and  bottom  of  the  combustion  chamber  are  secured  to 
the  shell  of  the  boiler  by  the  staybolts  /,  /. 

16.     Combustion  Cliambers  of  Scotch  Boilers. — The 

variations  of  each  type  of  Scotch  boiler  are  usually  in  their 
combustion  chambers,  the  single-ended  variations  being 
as  follows:     (1)    each    furnace  has   a  separate  combustion 
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chamber;  (2)  two  or  more  furnaces  have  a  common  com- 
bustion chamber.  Double-ended  variations  are:  (1)  each 
furnace  has  a  separate  combustion  chamber;  (2)  two  or  more 
furnaces  in  one  end  of  the  boiler  have  a  common  combustion 
chamber;  (3)  two  or  more  furnaces  in  line  with  each  other 
in  opposite  ends  of  the  boiler  have  a  common  combustion 
chamber. 

The  relative  merits  of  each  of  these  variations  are  still  in 
dispute,  but  practice  seems  to  show  that  a  separate  combus- 
tion chamber  for  each  furnace  is  the  best  arrangement.  The 
separate  combustion  chamber  variation  is  the  one  adopted 
by  most  of  the  builders  of  large  boilers  in  the  United  States 
of  America.  The  advantages  of  having  a  separate  combustion 
chamber  for  each  furnace  are:  (1)  the  circulation  of  the 
water  is  much  improved,  and  the  boilef,  in  consequence,  is 
kept  at  a  more  uniform  temperature;  (2)  repairing  and  over- 
hauling can  be  performed  more  easily  in  the  separate  nests 
of  tubes;  (3)  if  forced  draft  is  used,  it  is  more  efficient  and 
better  combustion  is  insured;  (4)  working  on  one  fire  does 
not  cool  down  the  others  or  interfere  with  the  draft;  (5)  the 
boiler  is  stronger  when  made -from  this  design  than  if  the 
combustion  chamber  is  common  to  several  furnaces. 
t"  About  the  only  disadvantages  of  this  method  of  construc- 
tion are  that  the  boiler  is  heavier  and  costs  more  to  build. 


VERTICAL    MARINE     BOILERS 

17.  Purpose. — Although  vertical  boilers  are  becom- 
ing obsolete  for  marine  purposes,  there  are  still  many  of 
them  in  use  in  steam  launches,  and  in  larger  vessels  as 
auxiliary  or  donkey  boilers.  They  are  not  economical  in 
the  use  of  fuel,  as,  on  account  of  the  short  passage  of  the 
gases  of  combustion  from  the  furnace  to  the  stack,  a  con- 
siderable amount  of  the  heat  of  combustion  escapes  up  the 
smokestack  and  is  lost.  These  boilers  are,  however,  gener- 
ally made  in  small  sizes,  in  which  economy  of  fuel  is  not 
of  so  much  importance  as  in  larger  boilers.  Unless  they  are 
built  very  low,  they  are  top  heavy,  which  raises  the  center 
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of  gravity  of  small  craft,  making  them  unstable.  On  the 
other  hand,  they  should  not  be  too  low,  else  the  tubes  will 
be  too  short  and  the  passage  of  the  gases  from  furnace  to 
smolcestaclc  will  be  reduced  to  such  an  extent  that  most  of 
the  heat  will  go  up  th<e  smokestack.  In  the  latter  case, 
spiral  baffles  placed  in  the  tubes  will  improve  matters  some- 
what. Vertical  boilers  answer  very  well  as  donkey  boilers 
in  moderate-sized  vessels.  They  occupy  very  little  floor 
space,  and  it  is  usually  not  a  difficult  matter  to  find  a  place  for 
them  in  almost  any  vessel,  either  in  the  fireroom  or  on  deck. 
As  donkey  boilers  are  used  only  when  there  is  no  steam  on 
the  main  boilers,  their  duration  of  service  is  usually  short; 
therefore,  the  little  extra  coal  they  burn  does  not  amount  to 
much.  Vertical  boilers  that 
are  intended  to  be  used  as 
donkey  boilers  on  board 
ship  need  not  be  built  as 
low  as  those  for  launches; 
consequently,  the  tubes  may 
be  longer,  by  which  a  higher 
efficiency  is  obtained. 

There  are  two  types  of 
vertical  boilers,  designated 
as  the  flush-tube  boiler  and 
the  submerged-tube  boiler, 

18.     Construction. — A 

vertical  section  of  a  riunh- 

tiibe   boiler   is   shown   in   , 

Fig.  12.    It  will  be  observed 

that  the  upper  ends  of  the 

tutws  a,  a  project  above  the 

water-line    b    and    are    s 

rounded  by  steam,  while  all  fio,  12 

the  remaining  parts  of  the  tubes  are  surrounded  by  water. 

If  the  fire  is  forced,  there  is  some  danger  of  overheating  the 

upper  ends  of  the  tubes,  but  under  moderate  steaming  they 

have  a  tendency  to  dry  the  steam. 
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19.     A  sitbmerKed-tiibe  boiler  is  illustrated  in  Fig.  13. 

The  shell  a,  the  firebox  6,  and  the  uptake  c  are  shown  in  sec- 
tion. The  water-line  is 
about  at  the  center  of 
the  uptake;  therefore, 
all  the  tubes  li  are  en- 
tirely covered  by  water. 
This  obviates  the 
danger  of  burning  the 
upper  ends  of  the  tubes. 
The  firebox  and  uptake 
are  secured  to  the  shell 
by  a  large  number  of 
socket  staybolts  f,«r, 
etc.,  and  the  heads  are 
braced  by  the  diagonal 
braces  /, /.  Hand- 
holes  g,^  are  provided 
for  the  purpose  of  clean- 
ing mud  and  sediment 
out  of  the  water  space 
of  the  boiler,  but  the 
tubes  are  not  readily 
Pi"- 13  accessible    for   scaling. 

Therefore,  pure  feedwater  should  be  used  in  these  boilers. 
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WATEK-TUBK   BUIL.EK8 


CLASSIFICATION 

20.  There  is  such  a  variety  of  water-tube  boilers  on  the 
market  that  it  is  difficult  to  rigidly  classify  them.  Nearly 
every  conceivable  aggregation  and  arrangement  of  tubes  and 
pipes  have  been  employed  to  produce  water-tube  boilers; 
thus,  considerably  over  two  hundred  styles  of  this  type  of 
boiler  have  been  approved  up  to  litflS  by  the  Hoard  of  United 
States  Supervising  Inspectors  of  Steam  Vessels,  and  author- 
ized to  be  installed  on  vessels  plying  on  United  States  waters. 
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In  general,  the  different  varieties  of  water-tube  boilers  are 

designated  by  the  size  and  arrangement  of  their  tubes  or 
pipes,  namely:  straight-tube  and  bent-tube  boilers;  large- 
tube  and  small-tube  boilers;  horizontal-tube,  vertical-tube, 
and  inclined-tube  boilers;  pipe  and  coil  boilers.  There  is 
also  another  designation  known  as  sectional  and  non-sec- 
tional boilers.  There  are  also  various  combinations  of  the 
above-mentioned  types  forming  other  types,  but  they  all 
follow  the  same  general  principle  of  the  water  circulating 
through  the  tubes  and  the  products  of  combustion  surround- 
ing them.  For  the  sake  of  convenience,  the  boilers  described 
have  been  divided  into  straight-tube,  bent-tube,  and  sectional 
pipe  boilers.  The  boilers  illustrated  have  been  selected  as 
illustrating  to  the  best  advantage  the  salient  features  of  each 
type;  the  fact  of  their  being  described  is  not  intended  to  prove 
them  superior  to  others  on  the  market,  nor  is  the  omission 
of  other  boilers  to  be  construed  as  a  mark  of  inferiority  on 
their  part.  

STRAIGHT-TUBE    BOILERS 

21.  Babcoek  &  Wlleox  Boiler. — A  boiler  of  the  large 
straight-tube  type  is  illustrated  in  Fig.  14.  From  the  name 
of  the  firm  manufacturing  it,  it  is  known  as  the  Babcoek  & 
Wilcox  marine  boiler.  As  illustrated,  the  principal  pres- 
sure parts  are  the  steam  and  water  drum  «,  the  front  headers  ^, 
the  rear  headers  c,  the  generating  tubes  dy  d,  the  horizontal 
connecting  tubes  e,  and  the  cross-boxes  /,^.  The  upper  ends 
of  the  front  headers  are  connected  to  the  steam  and  water 
drum  by  nipples,  one  of  which  is  shown  at  //,  and  the  lower 
ends  are  connected  with  the  forg:ed  steel  cross-box  g  by  short 
nipples,  one  of  which  is  shown  at  /.  The  upper  ends  of  the 
rear  headers  are  connected  to  the  forged-steel  cross-box  /  by 
nipples.  The  tubes  d,  d  forming  the  heating  surface  are 
arranged  in  vertical  sections,  and,  to  insure  a  continuous  cir- 
culation in  one  direction,  are  placed  on  an  inclination  of  15^ 
with  the  horizontal.  As  shown  in  Fig.  15,  the  two  forged- 
steel  headers  a^b  and  the  tubes  c,c  connecting  the  headers 
together  constitute  one  section.     A  number  of  these  sections 
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placed  side  by  side  form  a  boiler.  The  sections  are  in  com- 
munication with  one  another  through  the  cross-boxes  i,g. 
Fig,  14,  and  the  drum  a.  The  tubes  of  each  section  are 
expanded  at  their  ends  into  the  headers,  which,  being  sinuous 
in  form,  permit  the  tubes  to  be  placed  staggered.  The  cur- 
rents of  hot  gases  are  therefore  completely  broken  up  in  their 


passage  across  the  heating  surface,  and  the  too  free  escape 
of  the  products  of  combustion  is  also  prevented.  By  dividing 
the  heating  surface  into  sectional  elements,  the  injurious 
effects  of  unequal  expansion  due  to  raising  steam  quickly,  or 
unequal  contraction  caused  by  sudden  cooling,  are  obvi- 
ated, each  element  being  thus  free  to  expand  and  contract 
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independently  of  the  others.  The  side  sections  are  continued 
down  to  the  level  of  the  grate,  the  tubes  being  replaced  by 
forged-steel  boxes  of  square  cross-section  at  the  sides  of  the 
furnaces.  These  boxes  are  placed  one  above  the  other  at  the 
same  angle  as  the  tubes;  they  take  the  place  of  brickwork, 
insure  a  cool  side  casing,  prevent  the  adherence  of  clinkers, 
and  are  of  sufficient  thickness  to  withstand  the  wear  and  tear 
of  the  firing  tools. 
The  square  boxes  are 
technically  called 
waler-lube  sides,  and  are 
shown  at  /,/,  Fig.  14. 
As  mentioned  before, 
the  upper  end  of  each 
front  header  is  directly 
connected  with  the 
drum,  while  the  upper 
end  of  each  rear  header 
is  first  connected  to  the  i 
cross-box  /  and  then  to 
the  drum  by  a  horizon- 
tal tube  e;  hence,  each 
section  is  provided 
with  an  independent 
inlet  and  outlet  for 
water  and  steam. 

The  cross-box  g  is 
located  at  the  lowest 
part  of  the  bank  of 
tubes  and  forms  a  mud-  ''""'■ ''' 

drum  for  the  collection  of  sediment;  the  boiler  may  also  be 
drained  through  it.  All  tubes  are  constructed  of  seamless 
steel  and  are  extra  heavy.  The  generating  tubes  d,il  are 
2  inches  outside  diameter.  Opposite  the  ends  of  the  tubes 
are  openings,  or  handholes  d,d.  Fig.  15,  in  the  headers 
through  which  the  tubes  may  be  examined,  cleaned,  plugged, 
or  renewed.  In  some  cases,  the  handholes  are  4  inches  in 
diameter,  and   they  are   closed   by    forged-steel   plates  into 
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which  are  riveted  1-inch  studs.  These  plates  are  faced,  and 
are  drawn  to  faced  seats  by  forged-steel  bridges  and  nuts, 
the  joints  being  made  on  the  inside  of  the  header,  by  means 
of  thin  gaskets.  When  the  4-inch  handhole  is  adopted,  a 
group  of  four  of  the  2-inch  generating  tubes  may  be  taken 
care  of  through  one  handhole.  In  other  cases,  as  shown 
at  k,  k.  Fig.  14,  each  tube  is  provided  with  a  separate 
opening  in  the  header  just  large  enough  in  the  clear  for 
the  tube  to  be  passed  through.  These  holes  are  closed  with 
screw  plugs.  Should  a  tube  be  found  defective,  it  may  be 
renewed  or  plugged,  as  both  ends  are  accessible. 

The  lower  row  of  the  bank  of  generating  tubes  generally 
consists  of  4-inch  tubes  /  instead  of  groups  of  four  2-inch 
tubes.  The  upper  tubes  m  of  the  water-tube  furnace  sides 
are  also  4-inch.  The  boiler  is  enclosed  in  a  sheet-metal  casing 
lined  with  some  refractory  non-heat-conducting  substance 
such  as  asbestos,  magnesia,  etc.  Openings  are  made  in  the 
casing  for  the  front  and  rear  tube  doors  o  and  p.  Fig.  14, 
respectively,  which  provide  access  to  the  ends  of  the  tubes. 
One  of  the  furnace  doors  is  shown  at  ^,  in  this  case  under- 
neath the  lower  end  of  the  bank  of  tubes  and  cross-box  j^. 

The  location  of  the  steam  and  water  drum  is  at  the  front 
of  the  boiler  immediately  overhead.  Vertical  baffles  ;-,  r,  in 
connection  with  the  roof  s  of  light  fire-tiles  placed  on  the 
lower  row  of  tubes,  compel  the  gases  to  follow  the  circuitous 
route  shown,  crossing  the  heating  surface  three  times  before 
their  exit,  thus  causing  them  to  impart  the  greatest  possible 
amount  of  their  heat  to  the  water  in  the  tubes.  ^ 

As  the  furnace  increases  in  height  as  it  approaches  the 
firebrick  bridge  wall  /,  a  combustion  chamber  of  ample  size 
is  thereby  provided,  and  the  gases  have  both  space  and  time 
in  which  to  thoroughly  mix  and  burn  before  entering  the 
spaces  between  the  tubes.  The  gases  evolved  from  the 
combustion  of  the  fuel  are  compelled  to  flow  toward  the  rear 
of  the  furnace  by  the  roof  s  of  fire-tiles,  which  causes  them 
to  pass  over  the  incandescent  bed  of  coal  and  under  the  hot 
tile  roof.  By  this  arrangement,  a  h^'gh  furnace  temperature 
is  maintained,  which  is  an  essential  requirement  of  boiler 
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economy.  The  distance  traveled  by  the  products  of  com- 
bustion in  contact  with  the  heating  surface  is  about  16  feet; 
hence,  good  economy  is  maintained  with  high  rates  of  com- 
bustion, and  a  low  uptake  temperature  is  assured. 

The  location  of  the  drum  in  front  of  the  boiler  renders  all 
valves  and  fittings  accessible  and  tends  to  shorten  steam- 
pipe  connections.  The  main  stop-valve  and  safety  valves, 
feed  stop-valve  and  feed  check-valve  for  both  main  and 
auxiliary  feeds,  and  the  glass  water  gauges  are  flanged 
directly  to  nozzles  provided  with  counterbored  seats  and 
fastened  to  the  drum  shell  or  heads. 

A  perspective  exterior  view  of  a  Babcock  &  Wilcox  boiler, 
with  one  pair  of  tube  doors  and  part  of  the  side  casing 
removed,  is  given  in  Fig.  16.  The  boiler  here  illustrated 
differs  in  some  minor  details  of  construction  from  that  shown 
in  Fig.  14,  but  serves  to  show  the  general  appearance. 

22.  The  operation  of  the  boiler  is  as  follows:  The  boiler 
being  filled  with  water  until  the  steam  and  water  drum  is 
half  full,  the  fires  are  then  started.  The  water  in  the 
inclined  tubes  becomes  heated  first,  owing  to  the  tubes 
being  exposed  to  the  most  intense  heat  of  the  fire;  it  then 
expands  and  flows  up  to  and  throuj^h  the  rear  headers  and 
through  the  horizontal  tubes  into  the  drum.  Cooler  water 
flows  from  the  bottom  of  the  drum  into  the  front  headers 
and  also  into  the  cross-box  g.  Fig.  14,  which  acts  as  the 
mud-drum.  This  water,  in  turn,  becomes  heated  and  flows 
up  the  inclined  tubes  as  before,  circulation  being  thus  main- 
tained. On  entering  the  drum,  the  steam  and  circulating 
water  are  directed  against  the  baffle  plate  ii,  which  causes 
the  water  to  be  thrown  downwards,  while  the  steam  is 
liberated  from  the  water  and  passes  around  the  ends  of  the 
baffle  plate  to  the  steam  space.  To  insure  dry  steam,  a  dry 
pipe  V  is  fitted  inside  of  the  drum;  it  is  suspended  in  the 
upper  part  of  the  drum  by  hangers.  The  main  and  auxiliary 
steam  pipes  take  steam  throuj^h  this  dry  pipe. 

Zinc  slabs  xv^  7v  are  suspended  in  the  steam  and  water 
drum  just  below  the  water  level  to  arrest  corrosion  caused 
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by  galvsnic  action.  The  pan  x  is  placed  underneath  the 
slabs  to  catch  the  pieces  of  zinc  that  fall  from  the  slabs' 
when  they  disintegrate  by  the  action  of  the  galvanic  current. 
The  surface  blow-off  pipe  is  attached  to  the  lower  part  of  one 
of  the  drum  heads;  it  extends  inwards  for  a  short  distance 
and  then  bends  upwards,  as  shown  at  >,  where  it  terminates 
in  the  scum  pan  ?,  which  collects  the  scum  and  other  foreign 
matter  floating  on  the  surface  of  the  water  and  allows  it  to 
be  blown  out  through  the  surface  blow-off  pipe. 

23.  See  Boiler. — A  boiler  of  the  straight  inclined-tube 
type,  which  differs  considerably  from  the  Babcock  &  Wilcox 
boiler,  is  shown  in  Fig.  17.  It  is  known,  from  the  name  of 
its  designer,  as  the  See  boiler.  The  boiler  consists  of  the 
steam  drum  a,  the  two  water  or  mud-drums  d,6  and  the  two 
nests  of  tubes  c,  c.     This  illustration  shows  only  the  pressure 


parts  without  the  casing.  Like  all  boilers  of  this  class,  it 
has  a  large  heating  surface  and  makes  steam  rapidly.  The 
tubes,  being  straight  and  accessible,  can  be  cleaned  of  scale— 
a  most  importiiiit  feature  in  any  boiler. 

A  sectional  view  of  the  mud-drum,  showing  its  method  of 
construction,  is  given  in  Fig.  18,  and  an  exterior  view  of  the 
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complete  boiler  is  given  in  Fig.  19.     An  important  feature 

of  this  boiler  is  that  the  weight  of  the  steam-i;eiieratin<;  part, 

consisting  of  the  drums  and  tubes, 

supported    from    the   steam 

I  drum  and  not  on  the  mud-drums, 

I  as  is  the  usual  custom  with  boilers 

of   this   type.     This   permits   the 

tubes  to  expand  and  contract  freely 

without  bringing  undue  strain  on 

''"'■'*  them.     The  mud-drums  are  kept 

from  spreading  by  the  hinged  brackets  a,a.  Fig.  19.     The 


safety  valve  d,  gauge  glass  r,  and  steam  gauge  rf  are  attached 
to  the  front  end  of  the  steam  drum. 
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The  operation  of  the  boiler  is  as  follows:  It  is  filled  with 
water  to  about  the  middle  of  the  steam  drum,  and  the  fire  is 
started.  The  inside  tubes  of  each  nest  being  most  exposed 
to  the  intense  heat  of  the  fire,  the  water  in  them  expands 
and  rises  to  the  steam  drum.  The  outside  tubes  being 
located  in  a  relatively  cool  place,  water  flows  down  them 
to  the  mud-drums  to  take  the  place  of  that  flowing  up  the 
inside  tubes.  A  steady  and  rapid  circulation  of  the  water  is 
thus  established.  

« 

BENT-TUBE     BOILERS 

24,  Seabnry  Boiler. — The  boiler  shown  in  Fig.  20  is 
an  example  of  the  bent-tube  type,  and  belongs  to  the  class 
having  but  one  bend  in  each  tube,  as  shown.  It  is  known 
as  the  Sea  bury  boiler,  and  is  applicable  to  yachts,  torpedo 
boats,  and  other  small  craft.  This  boiler  has  large  grate 
and  heating  surfaces  for  its  size  and  weight,  and  makes 
steam  rapidly  when  clean. 

Its  essential  features  are  the  steam  drum  a^  the  water 
drums  b,  b,  and  the  tubes  c.  In  common  with  all  boilers  of 
this  class,  the  tubes  connect  the  steam  drums  and  water 
drums  together  and  afford  passages  for  the  water  to  circulate. 
The  water  drums  are  semicircular  in  section,  the  tube-sheet  «, 
Fig.  21,  forming  the  flat  side  of  the  drum.  The  curved 
part  b  of  the  drum  is  made  by  welding  a  head  in  each  end  of 
a  piece  of  lap-welded  iron  or  steel  pipe,  dividing  it  into 
halves  through  the  center  lengthwise  and  planing  the 
edges  c,c  to  fit  the  grooves  e.e  in  the  under  side  of  the 
tube-sheet.  The  joint  is  made  tight  by  placing  asbestos 
gaskets  in  the  grooves  e.e.  The  curved  part  of  the  drum  is 
held  in  place  by  straps  /  and  screw  bolts  g.  The  heads  of 
the  bolts  are  countersunk  on  the  top  side  of  the  tube  sheet, 
which  makes  a  flush  surface,  so  that  ashes,  etc.  may  be  easily 
N  cleaned  oflE.  The  bolts  are  provided  with  cap  nuts  //,  h  that 
protect  the  threads  from  corrosion.  The  straps  and  bolts 
are  also  shown  at  d  and  e,  Fig.  20.  The  boiler  is  supported 
by  the  tube-sheets  of  the  water  drums  resting  on  the  angle 
bars  y,y,   which  are    bolted   to  the  bunker  bulkheads  k,k, 
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Fig.  20.  The  tubes  are  expanded  into  the  steam  drum  and 
into  the  tube-sheets  of  the  water  drums.  The  front  head  of 
the  steam  drum  is  provided  with  a  manhole  to  give  access 
to  the  interior  for  examination,  cleaning,  and  repairs.  In 
the  small  sizes  of  boilers,  the  steam  drums  are  made  of  steel 
pipe,  and  the  heads  are  bolted  on  at  each  end.  Each  water 
drum  has  a  handhole  in  its  front  head,  A  feedwater  heater 
or  economizer  is  located  in  the  uptake,  through  which  heater 
the  feedwater  passes  before  entering  the  steam-generating 
part  of  the  boiler,  whereby  considerable  heat  is  saved  that 


would  otherwise  be  lost  through  the  smokestack.  This 
apparatus  consists  of  a  bank  of  lap-welded  iron  pipe  and 
and  malleable-iron  return  bends.  It  is  shown  at  /,  Fig.  20. 
Firebrick  baffle  plates,  one  of  which  is  shown  at  m,  are 
placed  over  the  inner  row  of  tubes  for  the  purpose  of  direct- 
ing the  flow  of  the  hot  gases  of  combustion  amongst  the 
lower  ends  of  the  tubes.  When  the  fire  is  burning  fiercely, 
the  firebricks  become  very  hot,  and  the  heat  thus  absorbed 
is  given  off  again  when  the  furnace  is  cooled  down  by 
putting  fresh  coal  on  the  tire. 

25.  The  ciroiilalion  of  the  water  in  this  boiler  is  accom- 
plished in  the  following  manner:  The  boiler  being  filled 
with  water  up  to  the  center  of  the  steam  drum,  the  fire  is 
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lighted.  The  hot  gases  of  combustion  will  come  in  contact 
with  the  inner  row  of  tubes  first,  which  will  cause  in  those 
tubes  an  upward  movement  of  the  water  toward  the  steam 
drum.  As  the  heat  increases,  the  water  in  the  other  tubes 
will  be  affected  in  a  similar  manner  and  will  also  rise  to  the 
steam  drum.  By  the  time  the  hot  gases  have  reached  the 
outer  row  of  tubes,  they  have  surrendered  a  large  part  of 
their  heat  to  the -water  in  those  tubes  with  which  they  have 
been  in  contact;  consequently,  the  outer  row  of  tubes  will  be 
much  cooler  than  the  others.  The  rapid  upward  movement  of 
the  mixed  water  and  steam  in  the  hotter  tubes  causes  the  solid 
water  to  flow  into  the  lower  end  of  those  tubes  from  the 
water  drums,  and,  necessarily,  the  cooler  water  must  flow 
down  through  the  outer  row  of  tubes  from  the  steam  drum 
to  supply  the  place  of  that  which  has  been  taken  from  the 
water  drums.     Thus,  a  continuous  circulation  is  maintained. 

26.  The  tubes  have  sufficient  bend  to  enable  them  to 
expand  and  contract  without  distortion  or  straining  the  joints 
at  their  ends.  Perforated  steam  pipes,  with  the  openings 
opposite  the  spaces  between  the  tubes  and  pointing  across 
the  tube-sheets  and  upwards  amongst  the  tubes,  are  placed 
between  the  outer  row  of  tubes  and  the  casing  for  blowing 
the  soot  and  ashes  off  the  tube-sheets  and  lower  ends  of  the 
tubes.  These  can  be  put  into  operation  at  any  time,  even 
while  steaming.  The  feedwater  heater  and  the  upper  parts 
of  the  tubes  can  be  cleaned  of  soot  by  inserting  the  per- 
forated nozzle  of  a  steam  hose  through  properly  located 
doors  provided  for  this  purpose  in  the  casing.  This  is  a  very 
valuable  feature,  as  it  renders  it  possible  to  keep  the  heating 
surface  clean  at  all  times.  Although  it  is  possible  to  clean 
the  insides  of  the  tubes  by  removing  the  lower  parts  of  the 
water  drums  and  passing  a  chain  with  a  wire  brush  attached 
through  each  tube  from  the  steam  drum,  it  is  by  no  means 
an  easy  oi^eration  and  it  is  hence  preferable  to  use  pure 
feedwater  in  this  boiler  and  also  in  all  other  boilers  of  the 
bent-tube  type,  and  thereby  keep  the  impurities  out  of 
them  entirely. 
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27,  Mississippi  Boiler. — A  boiler  of  the  bent-tube  type 
in  which  each  tube  has  several  bends,  and  belonging:  to  a 
class  of  which  there  are  numerous  examples  in  existence,  is 
the  Mississippi  boiler,  shown  in  Fig.  22.  In  order  to 
show  the  construction  clearly,  the  boiler  is  shown  in  several 
stages  of  its  erection.  Fig.  22  (a)  showing  one  set  of  gen- 
erating tubes  in  position;  Fig.  22  (^),  two  sets;  Fig.  22  (r), 
all  the  tubes;  and  Fig.  22(</),  the  boiler  completed.  It  is 
principally  adapted  for  yachts,  torpedo  boats,  and  small 
craft  generally,  and  is  a  rapid  steam  generator  that  will 
stand  considerable  forcing  without  distortion,  as  the  tubes 
are  so  crooked  to  begin  with  that  a  little  more  bending  will 
do  no  harm.  Like  all  boilers  of  this  class,  the  generating 
tubes  connect  the  steam  drum  with  the  water  drums  and 
provide  an  upward  passage  for  the  water  and  steam. 

Referring  to  Fig.  22  (a),  a  is  the  steam  drum,  byb  are  the 
water  drums,  and  CyC  are  the  downtake  pipes  for  returning 
the  water  from  the  steam  drums  to  the  water  drums,  thereby 
maintaining  a  constant  circulation.  These  elements  form 
the  framework  of  the  boiler.  The  ends  of  the  tubes  are 
secured  to  the  steam  drums  and  water  drums  by  right-and- 
left  threaded  steel  bushings,  as  it  will  be  observed  that  the 
drums  are  too  small  for  a  man  to  enter  to  expand  the  tubes 
in  the  ordinary  way. 

By  referring  to  Fig.  22  (d)y  it  will  be  seen  that  the  down- 
flow  pipes  are  located  outside  of  the  casing,  and  hence  are 
comparatively  cool,  as  they  are  not  exposed  to  the  radiant 
heat  of  the  fire.  The  circulation  of  the  water  is  upwards 
from  the  mud-drums  in  all  the  generating  tubes;  water  from 
the  steam  drum  flows  downwards  through  the  large  and  cool 
down-flow  pipes  to  the  mud-drums  to  take  the  place  of  that 
ascending  in  the  generating  tubes. 


SECTIONAL    PIPE     BOILERS 

28.  Roberts  Boiler. — Boilers  made  up  of  pipe  and  the 
usual  forms  of  pipe  fittings,  with  all  or  most  joints  made 
with  screw  threads,  are  generally  classified  as  pipe  boilers 
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and  are  usually  sectional,  that  is,  the  generating  tubes  are  in 
separate  sets  or  sections.  The  Roberts  boiler,  shown  in 
Fig.  23,  belongs  to  this  class,  and  has  a  combination  of 
vertical  and  slightly  inclined  horizontal  generating  tubes. 
Although  the  tubes. are  straight,  it  cannot  be  classed  as  a 
strictly  straight-tube  boiler,  because  the  straight  sections  of 
pipe  are  connected  together  by  elbows, .  thus  preventing 
access  to  the  interior  of  the  tubes  for  cleaning;  hence,  pure 
water  only  should  be  used  in  this  boiler,  as  otherwise  the 
tubes  will  soon  become  coated  with  scale,  greatly  diminishing 
its  efficiency  and  shortening  its  period  of  usefulness. 

The  construction  of  the  boiler  is  as  follows:  A  cylindrical 
steam  drum  A  forms  a  receptacle  for  a  small  body  of  water, 
the  space  above  the  water  forming  the  steam  space;  it  is 
made  of  a  steel  or  iron  plate,  and  closed  by  flanged  heads 
riveted  to  the  shell,  having  the  heads  stayed  by  the  stayrods 
shown  at  m.  Two  side  pipes  E  (only  one  is  shown  in  the 
figure)  are  connected  to  the  front  and  back  of  the  steam  drum 
by  means  of  the  down-flow  pipes  C,  C,  the  angular  down-flow 
pipes  B\  and  the  cross-pipes  B,  It  will  be  noticed  that  on 
each  of  the  T*s  Z>,  Z?  is  a  flange,  to  .which  are  bolted  the 
angle  irons  carrying  the  jacket  G,  G.  A  plate,  on  which  the 
ends  of  the  grate  bars  .V,  as  well  as  the  firebrick  lining  A', 
are  supported,  extends  across  the  furnace  in  the  front  and 
rear,  the  plates  being  bolted  to  the  flanges  of  the  bottom  T's. 
The  grate  is  composed  of  two  lengths  of  grate  bars,  which 
are  held  up  at  the  center  of  the  furnace  by  the  bearing 
bars  X,  x,  which  in  turn  are  supported  by  studs  screwed  into 
the  bottom  of  the  side  pip^s.  The  firebrick  lining  L  rests 
on  the  side  pipes.  Connected  to  the  top  of  the  side  pipes 
are  the  iip-flow  coils  c  and  ii\  only  two  are  shown  in  full,  the 
rest  being  shown  broken  off;  they  start  alternately  from  the 
right  and  left  side  pipes.  These  coils  are  composed  of  pipes 
and  return  bends,  with  the  return  bends  tapped  "on  a  spread"; 
that  is,  so  as  to  give  all  the  pipes  an  upward  inclination. 
This  is  shown  in  the  front  elevation,  which  also  shows  at  r' 
the  point  at  which  the  up-flow  coil  c  enters  the  steam  drilm. 
The  coil  d  enters  the  steam  drum  at  a  similar  point  at  the 
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opposite  side.  Two  feed-coils  «,  v  are  placed  one  on  each 
side  of  the  drum,  and  are  supported  on  the  small  pipes  0,0, 
Superheating  coils  ?/,  71'  are  placed  one  on  each  side  of  the 
furnace,  outside  of  the  up-flow  coils.  The  boiler  is  enclosed 
at  the  four  sides  and  the  top  by  a  sheet-iron  jacket  (7,  G, 
lined  with  some  non-heat-conducting  material.  An  opening 
is  provided  in  the  top  of  the  jacket,  through  which  the  smoke- 
stack /connects  with  the  space  inside  the  jacket  forming  the 
combustion  chamber,  the  space  directly  over  the  grate  X 
being  the  furnace.  At  W,  the  water  column,  mounted  with 
a  glass  water  gauge  and  three  gauge-cocks,  is  shown.  The 
steam  gauge  is  shown  at  S,  the  furnace  door  at  K,  and  the 
ash-pit  at  V, 

The  feed  water  enters  at  5,  and  is  divided  into  two  streams 
by  a  partition  cast  with  the  T*s.  One  stream  passes  through 
the  pipe  r  into  the  feed-coil  ii\  the  second  stream  passes 
through  a  similar  pipe  into  the  feed-coil  v.  The  feedwater 
is  heated  to  a  high  temperature  before  leaving  the  coils. 
On  leaving  them,  the  water  passing  through  the  coil  ii  enters 
the  steam  drum  at  w\  and  the  water  passing  through  v 
enters  at  w.  In  operation,  the  entering  feedwater  is  dis- 
charged above  the  water-line  to  allow  the  steam  that  may 
have  formed  in  the  feed-coils  to  rise  to  the  top  of  the  drum, 
and  the  water  to  fall  to  the  water  level.  The  horizontal 
layers  of  the  feed-coils  are  separated  by  cross-pipes  e,  which 
are  placed  there  to  prevent  sagging  of  the  free  ends  of  each 
layer  of  pipe  composing  the  coils.  In  order  to  show  the 
coil  u  more  clearly,  these  cross-pipes  have  been  omitted  in 
the  front  view.     There  is  no  water  in  these  cross-pipes. 

29.  The  boiler  being  filled  with  water  until  the  steam 
drum  is  about  one-quarter  full  vertically,  and  the  fire  started, 
the  water  expands  and  becomes  lighter  much  faster  in  the 
up-flow  coils  r,  d  than  in  the  down-flow  pipes  C\  C\  this  is* due 
both  to  the  (act  of  the  small  pipes  absorbing  a  greater 
amotmt  of  heat,  owing  to  their  being  directly  over  the  fire, 
and  also  to  their  being  of  a  smaller  diameter,  because  there 
is  more  heating  surface  for  a  given  volume  of  water  in  the 
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pipes.  The  result  is  that  the  water  at  once  commences  to 
rise  in  the  small  up-flow  coils  and  to  fall  in  the  large  down- 
flow  pipes.  As  soon  as  steam  bubbles  commence  to  form, 
this  movement  of  the  water  becomes  more  rapid,  as  water 
holding  these  bubbles  is  much  lighter  than  solid  water,  even 
if  their  temperatures  are  the  same.  To  assist  the  upward  flow 
of  the  water,  the  pipes  r,  d  are  given  an  upward  inclination. 
The  up-flow  coils  now  begin  to  throw  currents  of  water 
mixed  with  steam  bubbles  into  the  drum.  The  steam  bubbles 
break,  the  steam  rises  to  the  top  of  the  drum,  and  the  solid 
water  flows  out  of  each  end  into  the  cross-pipes  leading  to 
the  down-flow  pipes.  The  lower  part  of  the  bottom  T  Z>  of 
each  down-flow  pipe  forms  a  mud,  or  sediment,  pocket;  that 
is,  it  provides  a  quiet  place  for  the  deposit  of  foreign  matter 
held  in  suspension  in  the  feedwater.  This  deposit  may  be 
drawn  off  by  means  of  the  cocks  g,g.  Just  above  the  mud- 
pockets,  the  downward  currents  make  a  turn  at  right  angles 
into  the  side  pipes,  part  of  the  water  flowing  into  the  up-flow 
coils  as  it  passes  along  underneath  them.  The  two  currents, 
one  from  each  end  of  each  side  pipe,  meet  in  the  center  of 
the  side  pipes  and  there  form  an  eddy,  the  only  non-circula- 
ting water  in  the  boiler  excepting  that  in  the  mud-pockets. 
The  steam  at  the  top  of  the  drum  passes  into  a  spray  pipe, 
or  dry  pipe,  a,  running  from  one  head  to  the  other,  and 
drilled  full  of  small  holes  on  top  for  about  half  its  length  in 
the  center.  By  locating  the  holes  near  the  center,  no  water 
can  enter  the  dry  pipe  when  the  vessel  is  pitching.  The 
superheating  coil  n'  is  connected  to  one  end  of  the  dry  pipe 
by  the  pipe  //,  and  the  superheating  coil  n  to  the  other  end  by 
the  pipe  b.  The  steam  flows  into  the  top  of  the  coils  and 
passes  downwards  to  the  bottom,  rising  upwards  again 
within  the  pipes  /,/  that  unite  at  k\  whence  the  steam  passes 
into  the  pipe  /.  To  the  upper  end  of  this  jMi^e  a  T  is  attached, 
to  one  outlet  of  which  the  snfcty  valve  is  fitted,  while  to  the 
other  outlet  the  steam  pipe  leadin*^  the  steam  to  the  engine 
is  connected.  These  connections,  for  want  of  room,  are  not 
shown.  The  supcrheatinj^  coils  ;/, ;/'  answer  the  double  pur- 
pose of  dryini^^  the  steam  and  of  protecting  the  jacket  from 
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the  action  of  the  fire.  The  object  of  the  angular  down-flow 
pipes  B'  is  to  prevent  any  part  of  the  down-flow  system  (the 
pipes  B^D\C)  from  being  thrown  above  the  water-line  by 
a  listing  of  the  vessel,  which  would  greatly  interfere  with 
the  circulation. 

30,  The  Roberts  boiler  is  an  example  of  one  of  the  two 
gfeneral  types  into  which  water-tube  boilers  are  sometimes 
divided,  viz.,  tirowiied-tube  boilers,  or  boilers  in  which  the 
upper  ends  of  the  tubes  are  submerged  in  water,  and  tlry-twlie 
boilers,  or  boilers  in  which  the  upper  ends  of  the  tubes  are 
filled  with  steam  only,  or  such  water  as  is  carried  up  by  the 
violent  ebullition  of  the  water  within  the  lower  part  of  the 
tubes.  From  the  construction  of  the  Roberts  boiler,  it 
follows  that  it  belongs  to  the  drowned-tube  type. 

31.  Aliiiy  Boilor. — An  example  of  the  dry-tube  sec- 
tional-pipe boiler  is  shown  in  Fig.  24.  It  is  composed  of 
straight  pipes,  part  of  them  being  nearly  horizontal  and  part 
of  them  vertical,  and  connected  together  by  elbows,  return 
bends,  and  Y  fittings.  From  its  designer,  it  is  known  as  the 
Aliny  boiler.  The  interior  of  the  tubes  are  inaccessible 
for  cleaning;  hence,  pure  feedwater  only  should  be  used  in 
it,  as  well  as  in  all  pipe  and  bent-tube  boilers. 

The  construction  of  the  boiler  is  as  follows:  A  continuous 
manifold  f ,  which  forms  the  base  of  the  boiler,  extends  along 
the  sides  and  across  the  back  of  th^  boiler.  At  the  top  is  a 
similar  manifold  a,  which  extends  along  the  sides  and  across 
the  front  of  the  boiler.  To  form  the  heating  surface,  a  series 
of  up-flow  coils  D,  d,  made  up  of  pipes  connected  together 
by  elbows,  return  bends,  and  four-way  Y  fittings,  are  con- 
nected to  the  top  and  bottom  manifolds  and  with  each  other 
by  means  of  unions.  The  coils  D  at  the  sides  of  the  boiler 
rise  from  thfe  manifold  to  a  proper  height  to  form  the  top  of 
the  furnace;  they  then  extend  half  way  across  the  furnace 
and  return  to  the  sides;  thence  up,  connecting  to  the  side 
pipes  of  the  top  manifold  a.  The  coils  d  that  form  the  back 
of  the  furnace  rise  from  the  back  manifold  to  a  heij^ht  suffi- 
cient to  cross  over  above  and  at  a  right  angle  to  those  forming 
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the  top  of  the  furnace;  they  then  pass  to  the  front  and  connect 
to  the  manifold  extending  across  the  front  at  the  top.  A 
feed-coil  E,  serving  to  heat  the  feedwater,  and  consisting  of 
two  layers  of  pipe  connected  together  by  return  bends,  thus 
forming  a  continuous  pipe,  rests  on  the  top  manifold.  The 
feedwater  enters  this  coil  at  z',  and  after  passing  through, 
leaves  it  by  means  of  the  pipe  q  connected  to  the  bottom  of 
the  horizontal  water  reservoir  C  which  extends  across  the 
front  of  the  boiler.  The  top  manifold  a  is  attached  by  means 
of  the  nozzle  g  to  the  vertical  separator  F  placed  on  top  of 
the  horizontal  water  reservoir.  A  jacket  /,  /,  lined  on  the 
inside  with  some  non-heat-conducting  material,  encloses  the 
boiler  on  the  four  sides  and  at  the  top.  To  the  ring  H^  on 
top  of  the  jacket,  the  smokestack  is  attached.  The  grate  is 
composed  of  square  iron  bars  o,  o  that  are  supported  by  the 
bearing  bars  p^p.  To  prevent  any  entrance  of  air  to  the 
furnace,  otherwise  than  through  the  grate,  baffle  plates  s 
extend  around  the  sides  and  back  of  the  furnace.  At  the 
front,  the  dead  plate  z  serves  the  same  purpose.  The  boiler 
is  provided  with  a  water  column  W^  mounted  with  a  glass 
water  gauge  and  three  gauge-cocks,  and  which  also  carries 
the  steam  gauge  5.  At  Ay  the  furnace  door  is  shown.  B,  B 
are  doors  in  the  jacket  to  allow  inspection,  etc.  of  the  inside, 
and  K  is  the  ash-pit.  In  the  center  of  the  bottom  back  mani- 
fold, a  mud  or  sediment  pocket  b  is  located,  whence  the  sedi- 
ment may  be  drawn  off  or  the  boiler  emptied  through  the 
pipe  /.  Both  the  separator  and  the  water  reservoir,  as  well 
as  the  down-flow  pipes  G,  G,  which  are  connected  to  the  water 
reservoir  and  extend  down  to  the  manifold  at  each  side  of 
the  furnace,  are  outside  the  jacket,  and  hence  in  a  cool  place. 

32.  The  operation  of  the  boiler  is  as  follows:  The  boiler 
being  filled  with  water  until  the  reservoir  C  is  about  half  full 
vertically,  the  fire  is  started.  The  water  in  the  coils  /?,  d 
expanding,  and  hence  becoming  lighter,  rises  to  the  top 
manifold,  carrying  the  steam  bubbles  with  it;  cooler  water, 
coming  from  the  reservoir  C  throu.iih  the  down-flow  pipes  G, 
constantly  takes  its  place,  and  in  turn  becomes  heated  an\1 
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rises.  On  reaching  the  top  manifold,  the  steam  bubbles 
burst,  the  steam  and  entrained  water  rising  to  the  top;  the 
water  thrown  into  the  top  manifold  by  the  violent  ebullition 
within  the  tubes,  after  flowing  along  the  bottom,  falls  through 
the  opening  r  in  the  horizontal  water  reservoir  to  the  water 
level.  The  steam  and  entrained  water  pass  into  the  sepa- 
rator F,  where,  by  curved  partitions,  the  steam  is  con- 
strained to  move  in  a  spiral  path;  that  is,  it  passes  from  g 
into  /;  thence  into  e\  thence  into  the  passage  /,  whence  it 
passes  into  /  and  out  of  the  separator  at  ;/,  entering  there  the 
bottom  of  the  steam  pipe  k.  By  giving  the  steam  a  whirling 
motion,  the  particles  of  entrained  water  are,  by  the  action 
of  centrifugal  force,  thrown  against  the  curved  partitions;  the 
water  drips  down  these  partitions  and  flows  back  into  the 
reservoir  C  through  an  opening  in  the  base  of  the  separator 
(not  shown  in  the  figure)  and  through  the  holes  shown  at  /. 
To  the  top  of  the  T  shown  at  ;;/,  the  safety  valve  is  attached. 


COM  PA  HI  SONS 


ADVANTAGES    ANI>    DISADVANTAGES    OF    SCOTCH     BOILERS 

33.  Until  recent  years,  the  vScotch  boiler  has  been 
installed  almost  universally  in  ocean-going  steam  vessels  of 
the  world,  both  in  the  merchant  service  and  in  the  various 
navies.  For  numerous  reasons,  it  has  been  the  most  efficient 
marine  boiler  in  use  up  to  a  recent  period,  and,  although  it 
has  been  superseded  by  the  water-tube  boiler  on  the  larger 
high-speed  vessels  of  the  merchant  service  and  navies,  it 
still  continues  to  be  the  favorite  boiler  for  other  vessels. 
The  principal  meritorious  features  of  this  boiler  are  as  fol- 
lows: It  is  durable  under  rough  usage,  and  easy  to  take 
care  of  and  repair.  The  tubes  being  straight  and  of  standard 
sizes,  they  can  be  procured  in  any  i")ort  of  commercial  con- 
sequence in  the  world.  Bein^  straight,  the  tubes  can  easily 
be  cleaned  of  soot,  and  while  steaming  if  necessary.  A 
leaky  tube  can  be  plugged  without  blowing  off  the  pressure 
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from  the  boiler,  and  a  new  tube  can 'be  put  in  easily;  to  do 
this  however,  the  boiler,  of  course,  must  be  blown  down  to 
a  point  below  the  defective  tube.  The  evaporation  results, 
that  is,  the  number  of  pounds  of  water  evaporated  per  pound 
of  coal,  are  satisfactory,  and  experience  has  shown  that  it  is 
no  more  liable  to  leakage  than  other  shell  boilers. 

34.  The  Scotch  boiler  possesses  serious  disadvantages, 
namely: 

1.  Excessive  Weight,  —  Thus,  a  modem  eight-furnace 
double-ended  boiler  suitable  to  generate  steam  for  a  3,300- 
horsepower  engine  will  weigh,  when  filled,  about  110  tons. 
A  water-tube  boiler  of  the  same  capacity  and  of  a  heavy  type 
will  weigh  only  about  80  tons;  and  if  of  light  type  running 
under  forced  draft,  as  low  as  50  tons. 

2.  Limit  of  Pressure  Caused  by  Cousiructive  Reasons, — This 
limit,  for  large  boilers,  may  be  placed  in  the  neighborhood 
of  200  pounds  per  square  inch,  when  the  shell  plates  become 
so  thick  as  to  present  serious  difficulties  in  their  working 
and  handling. 

3.  Bad  Effects  of  Unequal  Expansion  and  Contraction, 
Owing  to  the  rapid  expansion  of  those  parts  of  a  Scotch 
boiler  that  are  directly  in  contact  with  the  burning  gases — 
notably  the  furnace  flues  and  combustion  chambers — and  the 
comparatively  slow  expansion  of  the  other  parts,  great 
strains  occur  between  the  hot  and  cooler  parts  that  will 
sooner  or  later  entirely  destroy  the  boiler  if  precautions  are 
not  taken  to  prevent  it  by  heating  the  boiler  up  very  slowly 
and  gradually  in  order  to  equalize  the  expansion  as  much 
as  possible.  This  requires  considerable  time,  from  4  to 
10  hours,  the  latter,  and  even  more  time  being  preferable, 
and  the  same  length  of  time  should  be  allowed  the  boiler  to 
cool  down;  otherwise,  contraction  will  act  on  them  in  a 
similar  manner  to  uneciual  expansion.  This  loss  of  time 
in  getting  up  steam  and  cooling  down  is  a  serious  detriment 
to  vessels  in  which  the  exigencies  of  their  service  frequently 
demand  a  rapid  getting  under  way  or  short  stays  in  port. 
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COMPARISON    OF    WATER-TUBE    BOILER    TYPES 

35.  .  Second  in  importance  only  to  having  a  boiler  strong 
enough  to  stand  the  pressure  of  steam  carried,  is  its  accessi- 
bility for  cleaning  and  repairs.  A  water-tube  boiler  may 
produce  most  excellent  results  as  a  steam  generator  when 
new  and  clean  both  inside  and  outside,  but  if  it  cannot  be 
cleaned  and  repaired  its  high  efficiency  will  be  of  short 
duration.  Unless  pure  feedwater  is  used,  scale  will  soon 
form  on  the  inside  of  the  tubes,  which  will  retard  the  heat  of 
combustion  entering  the  water,  and  some  of  it  will  go  up  the 
smokestack  instead.  Thick  scale  on  the  inside  of  a  tube 
and  a  coating  of  soot  on  the  outside  renders  the  tube  nearly 
valueless  as  a' heat  transmitter,  and  if  these  deposits  cannot 
be  removed,  the  boiler  will  in  a  short  time  become  of  very 
little  use  as  a  steam  generator. 

The  claim  is  made  that  the  circulation  of  water  in  a  water- 
tube  boiler  is  so  rapid  that  the  impurities  in  the  water  are 
swept  through  the  tubes  so  quickly  that  they  have  not  time 
to  adhere  to  the  tubes.  While  this  is  true  so  far  as  the  mud 
and  other  foreign  matter  held  in  mechanical  suspension  in 
the  water  is  concerned,  it  does  not  hold  good  in  regard  to 
the  impurities  held  in  solution  by  the  water,  which  are 
precipitated  by  the  heat  and  adhere  very  tenaciously  to  the 
hot  metal  of  the  tubes. 

Manifestly,  then,  the  water-tube  boiler  that  can  most  easily 
be  cleaned  and  repaired,  other  things  being  equal,  is  the 
best  boiler. 

36.  Straight-tube  boilers  possess  some  advantages  over 
bent-tube  boilers.  The  most  important  one  is  that,  if  the 
tubes  are  properly  arranged,  a  scaling  tool  can  be  passed 
through  them  and  the  scale  removed,  which  cannot  be  done 
with  most  bent-tube  boilers  under  any  circumstances. 
Another  advantage  is  that  it  is  comparatively  an  easy  job  to 
cut  out  a  defective  tube  and  replace  it  with  a  new  one  in  a 
straight-tube  boiler,  whereas  in  most  of  those  of  the  bent- 
tube  type,  a  faulty  tube,  especially  if  it  is  in  one  of  the  inner 
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rows  of  a  nest  of  tubes,  as  it  is  very  apt  to  be,  is  very  diffi- 
cult of  access,  and  it  is  usually  necessary  to  cut  out  a  num- 
ber of  sound  tubes  to  reach  the  one  that  is  defective. 
Again,  the  straight  tube  provides  a  more  direct  passage  for 
the  circulation  of  the  water  and  with  less  friction.  Yet 
another  important  advantage  in  favor  of  the  straight  tubes 
is  that  they  are  of  standard  sizes  and  do  not  have  to  be  bent 
into  special  shapes  by  special  machines;  hence,  they  can  be 
obtained  in  any  commercial  port  in  the  world,  and  as  every 
tube  will  fit  into  any  pair  of  holes  opposite  each  other,  they 
are  interchangeable,  and  a  large  number  of  differently  shaped 
tubes  will  not  have  to  be  carried,  as  would  be  the  case  with 
bent-tube  boilers. 

Bent-tube  boilers  are  usually  more  compact-  and  lighter 
than  the  straight-tube  type  for  the  space  occupied;  hence, 
they  are  almost  indispensable  for  torpedo  boats  and  racing 
yachts,  where  lightness  and  compactness  are  of  primary 
importance,  and  a  very  high  speed  must  be  maintained  for 
a  limited  time  even  if  it  results  in  the  ruination  of  the  boiler. 
Moreover,  bent  tubes  are  less  liable  to  injury  from  excessive 
expansion  ^due  to  the  severe  forcing  of  the  fires  that  is 
occasionally  necessary,  or  from  raising  steam  quickly  in  a 
cold  boiler,  than  are  straight  tubes.  This  is  due  to  the  fact 
that  each  tube  can  spring  and  take  care  of  its  own  expan- 
sion independently  of  the  others. 

37.  The  merits  and  demerits  of  large-tube  and  small- 
tube  boilers  very  nearly  balance  each  other,  and  it  is  a 
much-mooted  question  among  engineers  as  to  which  is  the 
better.  This  matter  is  generally  determined  by  the  size  of 
the  boiler,  however,  the  larger  boilers  being  fitted  with  large 
tubes  and  the  smaller  boilers  with  small  tubes.  Tubes  in 
marine  boilers  vary  in  diameter  from  1  inch  to  4  inches. 
Large  tubes  require  fewer  joints  for  a  given  amount  of  heat- 
ing surface,  and  they  may  be  made  thicker  without  materi- 
ally affecting  their  internal  capacity.  They  are  not  so  liable 
to  have  all  the  water  in  them  suddenly  converted  into  steam 
under  extreme  forcing  conditions,  and  leave  the  tube  exposed 
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to  overheating,  as  might  be  the  case  with  small  tubes.  They 
have  the  following  disadvantages,  however:  Should  a  large 
tube  be  ruptured,  a  much  larger  volume  of  steam  and  water 
would  be  discharged  and  more  damage  would  likely  be  done 
than  if  a  small  tube  should  burst.  Should  it  be  necessary  to 
plug  a  large  tube,  a  larger  amount  of  heating  surface  would 
be  rendered  ineffective  than  would  be  the  case  if  a  small 
tube  is  plugged.  It  will  also  take  longer  to  raise  steam 
in  a  large-tube  boiler,  on  account  of  the  large  volume  of 
water  in  comparison  with  the  amount  of  heating  surface. 

38.  The  tubes  of  water-tube  boilers  are  placed  at  all 
possible  angles,  from  horizontal  to  vertical;  yet  there  is  con- 
siderable difference  in  the  efficiency  of  the  boiler,  depending 
on  how  the  tubes  are  arranged  in  this  respect.  When  the 
tubes  are  placed  at  an  angle  less  than  15°  from  the  horizontal, 
the  steam  is  delivered  spasmodically,  in  gulps,  from  both 
ends  of  the  tubes,  which  produces  foaming;  and  when  the 
fires  are  forced,  this  action  may  at  times  leave  the  tubes 
unprotected  by  the  water,  which  invites  overheating  of  the 
tubes.  The  deposits  of  scale  and  soot  will  be  greater  on 
horizontal  or  nearly  horizontal  tubes  than  on  those  that  are 
placed  at  a  considerable  angle,  which  renders  them  more 
liable  to  injury  from  the  fierce  heat  of  the  fire.  The  water 
does  not  circulate  as  freely  through  horizontal  tubes  as 
through  those  placed  at  an  angle,  owing  to  the  fact  that  the 
heated  water  and  steam  have  a  strong  tendency  to  rise,  and 
this  tendency  is  resisted  by  the  horizontal  position  of  the 
tubes;  consequently,  the  steam  and  water  are  compelled  to 
struggle  along  to  the  ends  of  the  tube. 

There  are  also  certain  objections  to  placing  the  tubes 
vertically,  especially  if  they  arc  connected  directly  with  the 
steam  drum.  In  this  case,  the  water  will  be  forced  out  of 
the  tops  of  the  tubes  in  jets  and  fill  the  drum  with  a  mixture 
of  steam  and  water.  As  this  action  will  be  violent  and  con- 
tinuous, the  water  will  have  no  chance  to  settle  to  its  true 
level  and  much  of  it  will  he  carried  into  the  steam  main  with 
the   steam,   under   which  conditions  dry   steam  will    be    an 
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impossibility.  This  objectionable  action  is  intensified  when 
the  tubes  are  short  and  of  small  diameter,  and  when  the  fires 
are  forced;  moreover,  when  the  water  is  violently  shot  out 
of  the  tops  of  the  tubes,  they  will  be  left  dry  at  times  and  be 
burnt,  as  the  water  will  not  be  able  to  flow  into  the  lower 
ends  of  the  tubes  as  fast  as  it  is  projected  out  of  their  upper 
ends.  However,  if  the  upper  ends  of  the  tubes  are  connected 
to  cross-boxes  and  the  cross-boxes  connected  with  the  steam 
drum  by  horizontal  or  nearly  horizontal  tubes,  this  bad  action 
will,  to  a  considerable  extent,  be  arrested. 

39,  Althougrh  pipe  boilers  are  used  extensively  on  board 
yachts  and  similar  small  craft,  they  possess  some  objection- 
able features.  Pipe  boilers  are  usually  made  of  ordinary 
lap-welded  pipe  and  cast-iron  or  cast-steel  fittings  with  screw 
joints — a  combination  not  very  durable  when  exposed  to 
fierce  heat.  Lap-welded  pipe  is  very  liable  to  split  under 
high  pressure,  and  the  chief  object  of  water-tube  boilers  is 
to  furnish  high  pressures;  consequently,  it  would  be  an 
improvement  if  lap-welded  pipe  was  discarded  in  these 
boilers  and  solid-drawn  tubes  substituted.  The  fittings,  as 
stated,  are  made  of  cast  metal — a  material  that  cannot  be 
depended  on  when  exposed  to  the  intense  heat  of  the  fur- 
nace. The  multiplicity  of  screw  joints  exposed  to  the  fire  is 
another  very  objectionable  feature,  as  they  are  sure  to  leak 
sooner  or  later.  Boilers  of  this  type  should  have  the  joints 
and  fittings  protected  from  the  fire  in  some  way,  or  else 
they  should  be  placed  outside  of  the  heated  parts  of  the 
boiler.  These  boilers,  as  a  rule,  cannot  be  cleaned  of  scale; 
therefore,  it  is  absolutely  necessary  for  their  preservation 
that  pure  feedwater  only  should  be  used  in  them.  It  is 
almost  impossible  to  repair  a  pipe  boiler  without  taking  it 
almost  entirely  apart,  which  operation  will  destroy  a  large 
part  of  it  if  the  tubes  are  much  worn  and  the  screw  joints 
are  stuck  fast. 

40.  Sectional  boilers  are  those  that  are  made  up  of  sec- 
tions that  consist  of  groups  of  tubes  put  together  in  the 
shop  and    the  sections  assembled  on  board  the  vessel  to 
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constitute  a  complete  boiler.  This  is  a  great  convenience  in 
reboilering:  a  vessel,  as  the  sections  can  be  lowered  into  the 
fireroom  through  the  hatchways,  and  the  necessity  of  cutting 
a  large  opening  in  the  deck  is  obviated.  For  a  new  vessel, 
however,  the  advantage  of  this  method  of  placing  the  boiler 
is  not  so  great.  A  boiler  can  be  more  conveniently  put 
together  in  the  shop,  in  which  there  is  more  room  to  work 
and  more  light  than  in  the  hold  of  the  vessel. 

41,  It  is  to  be  understood  that  the  foregoing  is  merely  a 
criticism  of  water-tube  boilers  in  general.  There  being  such 
a  vast  number  of  designs  of  these  boilers,  it  is  impracticable 
to  deal  with  each  individually  and  the  points  presented  may 
not  apply  strictly  to  injiividual  boilers  of  the  different 
varieties.  

ADVANTAGES    AND    DISADVANTAGES    Or    WATER-TUBE 

BOILERS 

42.  Properly  designed  and  constructed  water-tube  boilers 
possess  numerous  advantages  for  marine  purposes  over  shell 
boilers,  one  of  the  most  important  advantages  being  that  a 
disastrous  explosion  cannot  occur  with  them.  The  worst 
that  can  happen  in  the  form  of  a  rupture  is  the  bursting  of 
one  of  the  tubes,  which  will  liberate  a  comparatively  small 
volume  of  steam  and  hot  water  without  doing  serious  dam- 
age to  the  vessel.  Owing  to  the  small  diameter  of  the  tubes 
and  other  pressure  parts,  they  are  capable  of  sustaining  with 
absolute  safety  a  much  higher  pressure  than  a  shell  boiler. 
They  can  be  forced  to  almost  any  extent,  or  steam  may  be 
raised  in  the  shortest  possible  time,  without  injury,  as  sudden 
and  excessive  expansion  of  their  various  parts  will  not  pro- 
duce undue  strains.  They  occupy  less  space,  have  larger 
areas  of  grate  and  heating  surfaces  for  the  space  occupied, 
and  are  much  lighter  than  shell  boilers.  This  latter  attribute 
is  owing  largely  to  the  fact  that  they  carry  much  less  water 
than  shell  boilers,  and  that  the  elements  composing  their 
pressure  parts  being  smaller  they  may  be  made  of  thinner 
metal.  The  saving  in  weight  is  an  important  feature  in 
modern  high-speed  ocean  steamers  and  cruisers. 
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A  well-designed  water-tube  boiler  is  easily  cleaned  and 
repaired,  all  parts  being  generally  accessible  from  the  out- 
side; this  cannot  be  said,  however,  of  all  water-tube  boilers, 
or  of  shell  boilers  either.  A  defective  tube  can  be  cut  out 
and  a  new  one  inserted,  or  it  may  be  plugged  as  a  temporary 
expedient;  and  as  all  these  operations  are  simple  they  can 
be  performed  by  the  regular  engineer's  force  of  the  vessel. 

43.  There  are  no  serious  disadvantages  of  a  properly 
designed  water-tube  boiler,  except,  perhaps,  the  cost.  They 
are  more  expensive  to  build  than  shell  boilers,  but  they  are 
worth  the  difference  in  their  greater  economy  of  operation, 
smaller  space  occupied   and  lesser  weight. 
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WATER  AND   STEAM   SPACES 


HHET^Ii 


FORMING    THE    SHELL 

1.  The  shells  of  fire-tube  and  flue  boilers  and  the  drums 
of  large  water-tube  boilers  are  built  up  of  curved  plates  of 
iron  or  steel,  technically  known  as  boiler  plates.  These 
plates  are  a  product  of  the  rolling  mill,  where  they  are  manu- 
factured by  passing  very  highly  heated  iron  blooms  or  steel 
ingots  between  rolls  operated  by  a  powerful  engine.  Boiler 
plates  vary  in  thickness  from  A  inch  to  2  inches,  the  latter 
being  about  the  maximum  thickness  that  has  been  attained. 
Plates  less  than  A  inch  are  sometimes  called  sheets,  but 
these  are  not  used  in  the  construction  of  the  pressure  parts 
of  a  boiler.  They  are,  however,  used  in  the  construction  of 
smokestacks,  front  and  back  connections  of  fire-tube  and  flue 
boilers,  and  in  the  casings  of  water-tube  boilers.  Plates  that 
are  intended  for  marine  boilers  are  usually  sheared  at  the 
rolling  mill  to  the  sizes  ordered  by  the  boiler  manufacturer. 

After  the  arrival  of  the  plates  at  the  boiler  works,  their 
edges  are  planed,  usually  on  a  slight  bevel,  in  a  planing 
machine.  They  are  then  passed  between  large  rolls,  three 
in  number,  and  bent  to  a  cylindrical  form.  The  rivet  holes 
are  then  marked  off  and  enough  of  them  are  drilled  to  enable 
the  different  plates  to  be  bolted  togjether  to  form  the  complete 
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shell.  If  butt  joints  are  to  be  used,  the  cover-plates  are 
prepared  meanwhile;  a  few  holes  are  drilled  in  them  and 
they  are  bolted  in  their  places,  after  which  the  rest  of  the 
holes  are  drilled  through  the  cover-plates  and  the  shell  plates. 
After  all  the  holes  are  drilled,  the  plates  are  taken  apart 
and  the  burrs  removed;  then  they  are  bolted  together  again 
and  the  riveting  is  commenced.     The  circumferential  seams 

« 

in  the  shell  of  a  Scotch  boiler  are  usually  lap  jointed  and  the 
longitudinal  seams  butt  jointed. 


ASSEMBLING    THE    BOILER 

2.  While  the  shell  is  under  construction,  the  heads  are 
being  flanged,  and,  if  the  boiler  is  of  the  Scotch  type,  the 
combustion  chambers  are  being  erected  and  the  furnace  flues, 
if  they  are  of  the  built-up  type,  are  being  made;  but,  if  they 
are  of  the  corrugated  type,  they  have  been  ordered  from  the 
makers.  After  all  the  riveting  on  the  shell  is  completed, 
the  heads  are  fitted  to  their  places,  the  rivet  holes  are 
marked  and  drilled,  and  the  burrs  removed,  after  taking  the 
head  out.  The  combustion  chambers  and  furnace  flues  are 
next  riveted  to  the  front  head,  which  is  then  placed  in  the 
boiler  and  riveted.  Then  the  rear  head  is  put  in  and 
riveted.  Next,  in  order,  are  the  tubes,  which  are  inserted 
and  expanded  in  the  holes  prepared  for  them  in  the  front 
head  and  front  sheet  of  the  combustion  chambers.  The 
crown  bars  are  now  put  into  place  on  the  top  sheets  of  the 
combustion  chambers;  the  diagonal  braces,  if  any  are  used, 
are  fitted  to  stay  the  heads,  and  finally  the  longitudinal  braces 
are  put  into  place;  then,  after  calking  the  seams,  the  boiler  is 
ready  for  its  setting. 

In  the  construction  of  the  firebox  or  locomotive  boiler,  the 
firebox  is  built  up  and  introduced  before  the  front  head  is 
put  on.  Sling  stays  are  also  used  in  connection  with  the 
crown  bars  in  this  boiler  to  provide  additional  support  for 
the  flat  top  of  the  firebox. 

In  assembling  the  parts  of  a  flue  boiler,  the  flues  are  placed 
in  their  proper  positions  inside  of  the  boiler  and  temporarily 
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secured  there  while  the  heads  are  being  fitted  and  riveted  in. 
In  this  case,  the  furnace  is  outside  the  t}oiler,  it  belnsf 
externally  fired,  while  the  Scotch  and  Srebox  boilers  are 
inteiTially  fired.  

BIVETED  JOINTS 


RIVETS 

3.  Common  forms  of  rivets  are  shown  in  Figs.  1  to  5. 
In  Figs.  I  and  2  are  shown  examples  of  hand  riveting;  in 
Fig.  1,  the  head  is  hammered  down  to  a  cone,  while  in  Fig.  2 
the  rivet  has  a  cup,  or  snap,  head.  This  form  of  head  is 
produced  by  first  hammering  the  rivet  down  roughly  and 
then  finishing  the  head  by  a  cup-shaped  die  called  the  button 
— — Md 
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set.  The  dotted  lines  in  the  figure  show  the  shape  of  the 
rivet  shank  before  being  upset  by  the  hammer.  The  rivets 
shown  in  Figs.  3  and  4  are  examples  of  machine  riveting. 
The  rivet  is  placed  between  two  dies  that  are  forced 
together  by  heavy  steam  or  hydraulic  pressure.  The  most 
important  advantages  of  machine  riveting  are  the  following: 
On  account  of  the  force  with  which  the  plates  can  be  held 
together  while  the  head  is  being  formed,  a  tighter  joint  can 
be  made;  the  heavy  pressure  used  to  upset  the  rivet  and 
form  the  head  causes  it  to  expand  and  fill  the  hole  more 
completely  than  it  will  when  headed  by  the  blows  of  a  ham- 
mer;   when   a   large   number   of    rivets    is   to   be    driven, 

lWB-6 


MARINE-BOILER  DETAILS 


§10 


machine  riveting  is  cheaper  than  hand  riveting.  A  rivet 
with  countersunk  head  is  shown  in  Fig.  5.  Such  riveting  is 
sometimes  necessary  where  a  smooth  surface  is  needed  for 
the  attachment  of  boiler  mountings.  In  Figs.  4  and  5,  the 
holes  in  the  plates  are  countersunk  slightly  under  the  rivet 
heads.     This  provides  for  an  increase  in  the  size  of  the  rivet 


Fig.  3 


Fid.  4 


just  under  the  head  and  makes  the  rivet  much  stronger  than 
is  the  case  where  the  connection  between  the  head  and  the 
rivet  forms  a  sharp  angle,  as  in  Figs.  1,  2,  and  3. 

As  shown  in  the  figures,  the  rivets,  before  being  headed, 
are  slightly  smaller  than  the  hole,  so  that  they  may  be 
inserted  easily.  It  is  the  general  rule  to  make  the  rivet 
hole  "iV  inch  larger  than  the  rivet.  When  the  work  is  prop- 
erly done,  the  upsetting  action 
of  heading  the  rivets  causes 
them  to  fill  the  holes  when 
headed  down.  The  proportions 
usually  given  to  the  rivet  heads, 
and  the  distance  the  rivet  shank 
projects  from  the  plate  before 
heading,  are  given  in  terms  of 
the  rivet  diameter,  when  driven, 
that  is,  in  terms  of  the  rivet 
hole,  as  shown  in  Figs.  1  to  5.  Thus,  in  Fig.  1,  the  diameter 
of  the  upper  head  is  given  as  2(i;  when  d,  the  diameter  of 
the  rivet  hole,  is  li'tf  inches,  the  diameter  of  the  upper 
head  will  be  2  X  lA  =  2i  inches. 
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4.  The  rules  prescribed  by  the  Board  of  United  States 
Supervising  Inspectors  of  Steam  Vessels  provide  that  all  rivet 
holes  and  holes  for  staybolts  must  be  drilled  fairiy.  This 
rule  applies  to  all  boilers  coming  under  their  jurisdiction. 


FORMS    OP    RIVETED    JOINTS 

5.     Blveted  Joints  of  different  forms  are  shown  in  Figs.  6 
to  11.    When  one  plate  overlaps  the  other  and  the  two  are 
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joined  with  one  or  more  lines  of  rivets,  as  shown  in  Figs.  6 
and  7,  the  joint  is  said  to  be  lap  riveted.  When,  however, 
the  plates  are  placed  edge  to  edge,  as  in  Figs.  8  and  9,  and 


the  joint  is  covered  with  one  or  two  plates,  the  joint  is  called 
a  butt  Joint. 

Fig.  6  represents  a  slngle-rlTeted  lap  Joint,  that  is,  the 
plates  are  overlapped  and  joined  with  one  row  of  rivets. 
The  distance  p  from  center  to  center  of  the  rivet  holes  is 
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called  the  pitch  of  the  rivets.  The  distance  /  from  the 
center  line  of  the  rivet  hole  is  usually  made  li  times  the 
diameter  if  of  the  rivet  hole.  The  distance  that  the  two  plates 
overlap,  that  is,  the  dis- 
tance from  the  edge  of 
e  plate  to  the  edge  of 
I  the  other  plate  and  at 
'  the  joint,  is  called  the 
lap. 

Fig.  7  shows  a  don- 
ble-rlveted       lap 
Joint.     The  rivets  may 
be  stafCKccd,  as  shown 
'''"'  in  the  figure,  which 

method  is  commonly  called  zlKzotr  riveting,  or  placed  one 
behind  the  other,  as  shown  in  Fig.  8.  In  the  latter  case  the 
joint  is  chain  riveted.  In  a  zigzag  riveted  joint^  the  dis- 
tance from  the  center  of  one  rivet  to  the  center  of  the  next 
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rivet  in  the  other  row  is  called  the  dlafronal  pitch.  It  is 
quite  customary  in  boiler  construction  to  single  rivet  the 
girth  seams  and  double  rivet  the  longitudinal  seams,  since 
the  stress  on  the  tatter  is  twice  that  on  the  former. 
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A  butt  joint  with  a  single  cover-plate  is  shown  in  Fig.  8, 
while  a  butt  joint  with  two  cover-plates  is  shown  in  Fig.  9. 
Either  may  be  riveted  with  one,  two,  or  more  rows  of  rivets. 


Pig.  10 


Fig.  9  shows  an  example  of  chain-riveting.  A  well-designed 
butt  joint  with  two  plates  will  be  stronger  than  one  with  a 
single  plate.     Butt  joints  are  generally  used  for  plates  over 
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i  inch  thick  and  are  taking  the  place  of  lap  joints  for  longi- 
tudinal seams  in  good  designs  of  smaller  work.  When  one 
cover-plate  is  used  on  a  butt  joint,  its  thickness  should  not 
be  less  than  li  times  the  thickness  of  the  plate;  when  two 
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cover-plates  are  used,  the  thickness  of  each  should  not  be  less 
than  about  five-eig:hths  of  the  plate  thickness. 

It  is  sometimes  the  case  that  the  cover-plates  of  double- 
strap  butt  joints  are  made  unequal  in  width,  the  wider 
cover-plate  being  placed  inside  of  the  boiler.  Two  examples 
of  a  joint  of  this  character  are  illustrated  in  Figs.  10  and  11. 
The  joint  shown  in  Fig.  10  is  double  zigzag  riveted;  the  one 
shown  in  Fig.  11  is  triple  zigzag  riveted.  The  cover-plates 
of  a  butt  joint  are  also  called  butt  straps. 

6.  Attempts  have  been  made  to  weld  the  longitudinal 
seams  in  the  shells,  as  well  as  the  seams  of  the  internal 
parts  of  Scotch  boilers,  but  this  method  has  not  yet  passed 
the  experimental  stage.  Should  this  process  be  satisfactorily 
accomplished  in  the  future,  the  labor  of  drilling  the  rivet 
holes,  the  riveting,  calking,  and  .some  of  the  flanging  will 
be  saved. 


ARRANGEMENT    OF    JOINTS 

• 

7.     The    plates    of    externally    fired    boilers    should    be 
arranged  so  that  the  riveted  joints  are  as  far  as  possible 


Fig.  12 


from   the  fire.     This  may  be  accomplished   by  using  extra 
large  plates  for  the  furnace  end  of  the  shell. 
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Wherever  a  girth  seam  occurs,  the  longitudinal  seams 
should  break  joint,  as  showo  in  Fig.  12.  In  order  to  make 
a  tight  joint  where  three  plates  come  together,  the  inner 
plate  of  a  longitudinal  lap  joint  must  be  hammered  thin  at 
the  edge,  as  shown  in  Fig.  13. 


In  the  construction  of  both  vertical  and  horizontal  shells, 
it  is  customary  to  have  the  inside  lap  facing  downwards, 
since,  if  it  faees  upwards,  a  ledge  is  formed  on  which  sedi- 
ment may  be  deposited. 

Since  wrought-iron  plates  are  stronger  in  the  direction 
o£  the  fiber,  they  should  be  arranged  so  that  the  fiber  runs 
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circumferentially  around  the  shell;  that  is,  in  the  direction  of 
the  girth  seams. 

8.  Different  methods  of  connecting  plates  at  right 
angles  are  shown  in  Figs.  14  to  17.  In  Fig.  14,  the  two 
plates  are  riveted  to  an  angle  iron.     This  construction  was 
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formerly  ased  for  connecting  the  heads  of  a  boiler  to  the 
shell,  but  since  high  steam  pressures  have  come  into  use,  this 
method  has  been  abandoned  as  unsatisfactory.  As  shown  in 
Figs.  15  and  16,  the  bead  is  flanged  and  riveted  to  the  shell, 
while  in  Fig.  17  the  head  and  shell  are 
connected  by  a  flanged  ring.  The  meth- 
ods of  connection  shown  in  Figs.  15  and 
16  are  generally  considered  preferable  to 
those  that  are  shown  in  Figs.  14  and  17, 
since  in  the  latter  methods  there  are  two 
joints  to  be  kept  tight,  while  in  the  former 
there  is  but  one. 

Iron  or  steel  for  flanging  should  be  of 
the  best  quality.  The  radius  of  the  curve 
to  which  the  head  is  flanged  should  be  at 
least  four  times  the  thickness  of  the  plate. 


Some  makers  of  large  boilers  prefer  to  flange  the  end 
plates  of  the  shell  to  receive  the  head,  which  is,  consequently. 
a  flat  disk. 

In  Figs.  18  to  24  is  shown  the  usual  construction  of  the 
water  legs  and  furnace  doors  of  vertical  and  firebox  boilers. 
Fig.  18  shows  the  door  constructed  by  flanging  the  furnace 
sheet  A  and  the  front  sheet  li  of  the  hoiler.  In  the  figure, 
the  joint  is  single  riveled,  ahliougii  it  is  frequently  double 
riveted.     An  enlarged  view  of  this  coiistruction  is  shown  in 
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Fig.  19.  The  door  C  is  generally  made  of  cast  iron  and  is 
hinged  to  a  cast-iron  frame  that  is  usually  held  in  position 
by  four  studs.  Sometimes  the  frame  is  omitted  and  the 
door  is  made  of  wrought  iron;  the  door  is  then  held  in  posi- 
tion by  riveting  the  hinges  to  the  boiler. 

Around  the  lower  ends  of  the  water  legs,  or  around  the 
bottom  of  the  furnace,  and  between  the  inside  and  outside 
plates  is  riveted  a  wrought-iron  ring  D\  in 
cheap  boilers,  this  ring  is  frequently  made 
of  cast  iron.  'Instead  of  flanging  both 
sheets,  as  shown  in  Pigs.  18  and  19,  the 
furnace  opening  is  sometimes  constructed 
as  shown  in  Figs.  20  and  21.  A  hole  is 
cut  in  the  outer  sheet  C,  and  the  furnace 
sheet  A  is  flanged.  The  flanged  ring  B 
is  then  riveted  to  the  plates  A  and  C,  and 
forms  the  opening  for  the  door.  An 
enlarged  view  of  this  construction  is 
shown  in  Fig.  21.  A  flanged  ring  D,  Fig. 
20,  is  sometimes  used  at  the  bottom  of  the 


Pig.  21 

water  leg  in  place  of  a  wrought-iron  ring  D,  Fig.  18,  one  of 
the  flanges  being  riveted  to  the  furnace  plate  and  the  other 
to  the  shell,  as  shown.  An  enlarged  view  of  this  con- 
struction is  shown  in  Fig.  22.  In  Fig.  23  is  shown  another 
method  of  constructing  the  opening  for  the  furnace  door  and 
the  bottom   of   the  water   leg.     In    this   construction,   the 
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wrongfht-iron  ring  A  is  placed  between  the  furnace  plate  B 
and  the  shell  C  of  the  boiler,  and  riveted  to  them.  An 
enlarged  view  of  this  construction  is  shown  in  Ftg.  24.     At 


PlQ,  !1 

the  bottom  of  the  water  leg.  the  furnace  plate  is  flanged  and 
riveted  to  the  shell,  as  shown. 


CALKING 


9.  An  upsetting  process  applied  to  a  riveted  joint,  in 
order  to  make  it  steam-tighl,  is  known  as  calkliiK*  The 
operation  is  shown  in  Fig.  25.     A  round-nose  calking  tool  is 
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driven  against  the  beveled  edge  of  the  upper  plate,  forcing 
the  metal  into  close  contact  with  the  lower  plate,  thus  effec- 
tually closing  the  seam.  A  tool  with  a  sharp  edge  should 
never  be  used,  as  it  is  liable  to  score  the  under  plate,  and 
thus  lead  to  grooving. 
Although  the  calking  of 
boiler  seams  was  formerly 
done  entirely  by  hand,  it 
is  now  largely  performed 
by  the  pneumatic  calking 
hammer. 

When  the  edges  of  the 
plates  have  not  previously  been  planed,  it  is  necessary  to 
chip  them  before  calking.     Formerly,  this  was  done  by  hand; 
it  is  now  performed  by  the  pneumatic  chipping  hammer. 


HEADS 


F^AT     HEA03 

10.  The  heads  of  Scotch  boilers  are  formed  of  one, 
two,  or  three  sheets,  according  to  the  diameter  of  the  boiler. 
The  plates  having  been  sheared  and  planed  to  the  proper 
sizes  and  shapes,  their  curved  edges  are  flanged  over  at 
right  angles,  as  shown  at  a, a,  Fig.  26  (a).  After  heating 
the  plate  in  a  furnace  or  forge  at  the  edge  to  be  flanged,  the 
flange  is  turned  over  by  either  a  hydraulic  flanging  press,  a 
steam  hammer,  or,  up  to  a  certain  thickness,  by  hand  with  large 
wooden  mauls,  the  plate  meanwhile  resting  on  a  cast-iron 
mold  block  of  the  required  shape  of  the  flange.  The  flanges 
are  made  of  sufficient  width  to  provide  space  for  a  single 
row  of  rivets  in  heads  for  boilers  of  small  diameters,  and  for 
a  double  row  of  rivets  in  heads  intended  for  boilers  of  large 
diameters.  When  the  head  consists  of  more  than  one  sheet, 
the  several  sheets  are  joined  by  riveted  lap  joints,  or  seams, 
as  shown  at  b,  b.  Fig.  26  (^) .  After  the  sheets,  or  plates,  have 
been  shaped,  flanged,  and  fitted,  the  rivet  holes  for  the  hori- 
zontal seams  are  marked  off  and  enough  of  them  are  drilled 
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to  permit  the  sheets  to  be  firmly  bolted  together,  care  beings 
taken  to  drill  the  holes  in  the  two  adjoining  sheets  so  that 
they  will  come  fair  with  each  other.  After  the  sheets  are 
bolted  together,  the  rest  of  the  rivet  holes  are  drilled,  either 
by  a  power  drill  or  by  hand.  Of  course,  in  all  well-equipped 
boiler  shops,  all  work  that  can  be  properly  done  by  machin- 
ery is  so  performed  in  preference  to  hand  work,  and  since 

the  introductiqn  of  portable   pneumatic  tools  much  of   the 

a 


Fig.  26 

work  on  boilers  that  was  formerly  done  by  hand  is  now 
accomplished  mechanically  by  such  tools. 

At  the  ends  of  the  lap  joints  in  the  head  where  the  two 
flanges  overlap,  the  flange  of  the  under  plate  is  forged  taper- 
ing in  order  to  make  the  joint  at  those  points  steam-  and 
water-tight,  as  shown  at  c,c,  Fig.  20  (b).  In  some  cases, 
the  overlapping  flanges  at  the  ends  of  the  horizontal  seams 
are  welded  together,  as  shown  at  d,d.  Fig.  20  (b).  This 
method  insures  a  tight  joint  and  a  good  fit  of  the  head  in  the 
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shell,  but  it  is  objectionable  owing  to  the  uncertainty  of 
making  a  reliable  weld. 

11.  An  elevation  and  a  sectional  view  of  the  front  head  of 
either  a  single-ended  or  a  double-ended  boiler  are  illustrated 
in  Fig.  27.     The  course  of  procedure  of  flanging,  drilling, 
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Pic.  27 

riveting,  etc.  in  constructing  this  head  is  similar  to  that 
employed  in  the  construction  of  the  rear  head,  as  just 
described.  In  addition  thereto,  the  openings  a,  a  for  the 
furnace  flues  are  cut  out  and  flanged,  as  shown  at  d,  b.  The 
tube  holes  c,c  are  also  drilled  in  the  tube-sheet  d^  and 
the  manholes  ^,  e  and  handholes  /,  /  are  cut  out.  The  man- 
holes are  reenforced  by  riveting  a  ring  of  boiler  plate  around 
them,  as  shown  at  g,g.  All  of  these  operations  are  per- 
formed before  the  plates  are  riveted  together.  The  plates 
are  also  annealed  before  being  riveted  up. 

12.  Forming  the  front  heads  of  a  Scotch  boiler  is  one 
of  the  most  difficult  operations  attending  its  construction. 
This  is  owing  to  the  deformation  of  the  plates  that  takes 
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place  during  the  process  of  flanging,  especially  of  the  plate 
containing  the  openings  for  the  furnace  flues.  The  great 
number  of  heats  that  are  required  to  flange  these  openings 
subject  the  plate  to  great  strains  by  the  frequent  alternate 
heating  and  cooling,  which  invariably  distorts  it.  These 
distortions  must  be  flattened  out  by  much  hammering  with 
large  wooden  mauls,  or  in  a  press.  In  some  large  boiler 
works,  all  of  the  furnace-flue  openings  and  sometimes  also 
the  outside  edges  of  the  plates  are  flanged  in  one  operation 
by  a  very  powerful  press.  This  method  is  expensive,  on 
account  of  the  large  number  of  molds  and  dies  that  are 
required,  but  the  results  are  highly  satisfactory. 

13.  There  are  several  different  methods  of  placing  the 
heads  into  the  shell.  In  some  cases,  the  flanges  of  both 
heads  are  turned  inwards;  in'  other  cases,  they  are  both 
turned  outwards;  and  in  still  others,  the  flange  of  the  one 
head  is  turned  inwards  and  that  of  the  other  head  is  tiu'ned 
outwards.  The  advantage  of  turning  the  flanges  outwards 
is  that  the  head  may  then  be  riveted  in  by  a  riveting 
machine;  otherwise,  the  rivets  must  be  driven  by  hand  or 
by  a  pneumatic  riveter.  When  the  flanges  are  turned  out- 
wards, the  boiler  shell  must  be  made  longer  to  the  amount 
equal  to  the  width  of  the  flange  or  flanges,  according  to  the 
number  turned  outwards. 

14.  The  heads  of  the  firebox  boiler  are  usually  flat  and 
the  process  of  constructing  them  is  similar  to  that  employed 
in  the  manufacture  of  the  heads  of  Scotch  boilers,  but,  since 
they  are,  as  a  rule,  much  smaller  in  diameter  than  Scotch 
boilers,  the  heads  are  usually  made  in  one  piece.  The  rear 
head  occasionally  has  a  small  door  opening,  cut  into  it  to 
afford  access  to  the  combustion  chamber  for  inspection, 
cleaning,  and  repairs.  The  plate  around  the  door  opening 
is  flanged,  which  flange  overlaps  and  is  riveted  to  the  flange 
of  a  corresponding  opening  in  the  back  sheet  of  the  com- 
bustion chamber.  Openings  for  the  furnace  and  combustion- 
chamber  doors  are  cut  in  the  front  head  and  flanged  in  a 
similar  manner  to  the  door  openings  in  the  rear  head. 


§10 


MARINE-BOILER  DETAILS 


17 


BUMPED    OR    DISHBD    HEADS 

15.  Cylindrical  flue  boilers  of  small  diameters,  such  as 
are  in  service  on  the  Red  River  of  the  North,  North  America, 
and  rivers  whose  waters  flow  into  the  Gulf  of  Mexico,  and 
steam,  water,  and  mud-drums  of  all  boilers,  are  usually  fitted 
with  bumped  or  dished  heads.  They  may  be  either  con- 
vexed  or  concaved;  the  radius  of  the  curve  to  which  they 
are  bumped  is  usually  equal  to  the  diameter  of  the  boiler  or 
drum  for  which  they  are  made. 

Bumped  heads  are  illustrated  in  Fig.  28,  the  one  shown 
in  Fig.  28  (a)  being  a 
convexed  head  and  that 
shown  in  Fig.  28  (d) 
being  a  concaved  head. 
They  are  flanged  and 
riveted  in  the  shell,  as 
shown  in  the  figure. 
These  heads  require  no 
bracing,  because  they 
are  bumped  to  the  shape 
they  would  naturally  ^) 

assume  under  pressure; 
hence,  they  are  self-supporting. 

Bumped  heads  may  have  a  manhole  opening  flanged 
inwardly  when  such  flange  has  a  sufficient  depth  and  thick- 
ness to  furnish  as  many  cubic  inches  of  material  as  was 
removed  from  the  head  to  form  the  opening. 


ih) 


Fig.  28 


OPENINGS 


MANHOLES 

16.  For  the  purposes  of  allowing  the  inside  of  the  boiler 
to  be  inspected,  cleaned,  and  repaired,  holes  closed  by 
suitable  covers  are  cut  into  the  heads  and  shell.  When  they 
are  of  sufficient  size  to  admit  a  man,  they  are  called  man- 
holes;  otherwise,  handholes. 
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A  common  £orrn  of  construction  of  a  manhole  and  its 
cover  is  shown  in  Fig.  29.  An  elliptic  hole  is  cut  into  the 
head  or  the  shell  of  the  boiler.  A  wrought-iron  or  steel 
ring  H,  called  a  reenlorcing  rif^,  is  riveted  to  the  plate  P, 


generally  on  the  outside,  for  the  purpose  of  strengtheninGf 
the  plate,  which  is  weakened  considerably  by  the  cutting  of 
such  a  large  hole  through  it.  A  cover  A''  made  of  wrotight 
iron  or  steel  is  fitted  to  the  hole,  inside  of  the  boiler,  and  is 
provided  with  two  studs  Y,  V  riveted  to  it.  This  cover  is 
flanged  and  overlaps  the  edges  of  the  plate  about  1  inch  or 
more  all  around  its  perimeter.  A  yoke  Af  is  slipped  over 
each  stud,  its  two  extremities  resting  on  the  reenforcing 
ring.  A  ring  G,  or  gaskel,  as  it  is  commonly  called,  made 
of  sheet  rubber  or  any  other  pliable  waterproof  material,  is 
placed  between  the  plate  and  the  cover  and  serves  to  make  a 
water-tight  joint, 

17.  Of  late  years,  it  has  become  quite  generally  the 
practice  to  flange  the  head  inwards  and  face  its  edge,  thus 
doing  away  with  the 
necessity  for  the  reen- 
forcing ring.  When  the 
manhole  is  in  the  shell, 
''"'■*'  in    the    best    modern 

practice,  a  flanged  reenforcing  ring  is  riveted  to  the  inside 
of  the  shell,  as  shown  in  Fig.  30.  In  this  design,  the  edges 
of  the  ring  and  cover  are  faced  and  carefully  fitted  to  each 
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other,  thus  making  a  metallic  joint.  Owing  to  the  practical 
difficulty  of  making  such  a  joint  perfectly  water-tight,  most 
engineers  prefer  to  place  a  gasket,  either  fibrous  or  metallic, 
between  the  cover  and  its  seat,  even  when  both  are  faced 
and  fitted  to  each  other.  The  rules  and  regulations  of  the 
United  States  Board  of  Supervising  Inspectors  provide  that 
all  manholes  for  the  shells  of  boilers  over  40  inches  in  diam- 
eter shall  have  an  opening  not  less  than  11  inches  by  15 
inches  in  the  clear,  except  that  boilers  with  40  inches  diam- 
eter of  shell  or  under  shall  have  a  clear  opening  in  the  man- 
holes of  not  less  than  9  inches  by  15  inches.  •  A  manhole 
opening  in  the  front  head  of  externally  fired  boilers  and 
under  the  flues  must  measure  not  less  than  8  inches  by  12 
inches  in  the  clear.  

HANDHOL.E8 

18.  Handholes  are  placed  in  boilers  whose  construction 
does  not  permit  the  entrance  of  a  man,  as,  for  example,  in 
vertical  boilers.  They  are  also  placed  in  other  boilers  in 
convenient  positions;  thus,  in  boilers  of  the  locomotive  type, 
they  are  usually  placed  in  the  corners  of  the  water  legs,  and 
in  Scotch  boilers  they  are  placed  above  the  crowns  of  the 
furnace  flues.  The  handhole  is  a  convenient  place  to  rake 
out  sediment  and  scale  and  to  admit  a  hose  for  the  purpose 
of  washing  out  the  boiler.  The  handhole  and  its  cover  are 
constructed  very  much  like  a  manhole  and  cover;  the  hand- 
hole,  being  smaller,  requires  but  one  yoke  and  bolt  to  secure 
the  cover. 

Manholes  and  handholes  are  made  elliptic  to  allow  the 
cover  to  be  passed  through  the  hole.  The  smallest  diameter 
of  the  cover  is  somewhat  less  than  the  largest  diameter  of 
the  manhole,  and  thus  allows  the  cover  to  pass  freely  through 
the  manhole.  It  is  then  turned  one-quarter  around  inside  the 
boiler,  the  gasket  placed  on  the  flange,  and  put  in  position. 

19.  When  using  sheet  rubber  or  other  fibrous  gaskets,  it 
is  advisable  to  give  them  a  good  coating  of  plumbago  on 
both  sides.    This  will  prevent  their  sticking  to  the  cover  and 
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seat,  thus  allowing  them  to  be  readily  removed.  It  is  rarely 
advisable  to  use  the  same  gasket  again  when  replacing  the 
cover;  it  will  usually  have  become  carbonized  by  the  heat 
and  thus  be  too  hard  to  make  a  tight  joint,  no  matter  how 
hard  the  nuts  are  screwed  up.  When  the  cover  has  been 
replaced  with  a  new  fibrous  gasket,  it  is  well  to  examine  it 
again  after  steam  has  been  raised,  and  tighten  the  nuts  once 
more.  A  plentiful  supply  of  graphite  (plumbago)  smeared 
on  the  threads  of  the  bolts  before  the  cover  is  replaced  will 
allow  the  nut  to  be  readily  removed  at  the  next  examination. 

When  a  ftianhole  or  handhole  gasket  blows  out,  as  will 
happen  if  the  work  of  replacing  the  cover  has  been  carelessly 
done  or  the  gasket  has  been  cut  too  large,  about  the  only 
thing  that  can  be  done  is  to  haul  the  fire,  blow  out  the 
boiler  after  the  steam  has  gona  down,  and  make  the  joint 
over  again. 

Before  taking  off  a  manhole  or  handhole  cover,  imme- 
diately after  the  boiler  has  cooled  down,  it  is  advisable  to 
raise  the  safety  valve  or  open  a  valve  or  gauge-cock  so  as  to 
break  the  vacuum  that  may  have  been  formed  by  the  con- 
densation of  the  steam  remaining  in  the  boiler.  If  this  pre- 
caution is  neglected,  it  may  result  in  serious  injury.  While 
it  cannot  be  truthfully  stated  that  a  vacuum  will  always  form, 
instances  are  on  record  where  this  has  happened  and  the 
cover  forced  inwards  by  the  external  air  pressure. 


MISCELLANEOUS    OPENINGS 

20.  Openings,  other  than  manholes  and  handholes,  are 
cut  into  the  shells,  heads,  steam  drums,  and  other  parts  of 
boilers  to  provide  passages  for  steam  or  water  to  flow  into 
or  out  of  the  boiler.  Pipes  and  suitable  valves  are  attached 
at  the  openings,  either  by  screw  threads  or  by  flanged  joints. 
Valves  and  cocks  up  to  1 2  inches  in  diameter  can  be  secured 
by  tapping  the  hole  in  the  boiler  with  a  pipe  thread  and 
screwing  in  these  fittings;  larger  valves  and  cocks  must  be 
attached  with  flanges.  Feedpipes  and  steam  pipes  up  to 
1  inch  in  diameter,  if  attached  to  a  plate  less  than  a  inch  thick, 
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must  be  screwed  into  a  bushing  threaded  inside  and  outside 
and  screwed  into  the  plate  up  to  a  shoulder  provided  on  the 
bushing:,  which  should  preferably  be  secured  with  a  jam  nut 
placed  on  the  water  or  steam  side  of  the  plate.  Feedpipes 
and  steam  pipes  up  to  2  inches  in  diameter  can  be  screwed 
directly  into  plates  if  they  are  i  inch  or  more  in  thickness. 
All  pipes  over  3  inches  in  diameter  must  be  attached  to  the 
boiler  or  its  parts  by  flang:es.  All  holes  over  6  inches  in 
diameter  cut  into  a  boiler  must  be  reenforced  with  a  reenfor- 
cing:  ring:,  except  when  such  holes  are  cut  into  a  flat  surface, 
in  which  case  the  plate  may  be  flanged  inwards  to  a  depth 
of  not  less  than  li  inches  and  the  reenforcing  ring  dispensed 
with.  On  boilers  carrying  a  steam  pressure  of  not  over 
75  pounds  per  square  inch,  a  flanged  cast-iron  stop-valve 
placed  over  an  opening  more  than  6  inches  in  diameter  may 
be  used  as  a  reenforcement.  Openings  serving  as  a  connec- 
tion between  the  shell  of  a  boiler  and  a  mud-drum  must 
not   exceed   9   inches   in   diameter. 


APPURTENANCES 


DOMES    AND    STEAM    DRUMS 

21.  Domes  are  placed  on  cylindrical  boilers  for  the  pur- 
pose of  increasing  the  steam  space,  and  also  for  the  purpose 
of  drying  the  steam,  the  supposition  being  that  the  steam 
will  be  dried  on  account  of  its  being  farther  removed  from 
the  water.  The  hole  cut  into  the  shell  to  give  communication 
between  the  boiler  and  the  dome  should  be  made  only  large 
enough  to  allow  a  man  to  pass  through,  since  a  large  hole 
materially  weakens  the  shell.  The  edge  of  the  plate  around 
the  hole  should  be  reenforced  by  a  wrought-iron  ring  riveted 
to  it.  The  flat  top  of  the  dome  must  be  stayed  by  diagonal 
braces.  Steam  domes  usually  have  a  diameter  equal  to  one- 
half  the  diameter  of  the  boiler,  and  a  height  equal  to  about 
nine-sixteenths  the  diameter  of  the  boiler. 

22.  Shell  boilers  are  often  fitted  with  a  steam  drum 
instead  of  a  dome.     The  steam  drum  is  simply  a  cylindrical 
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vessel  connected  to  the  shell.  When  several  boilers  are  set 
so  as  to  form  a  battery,  they  are  often  connected  to  one 
drum  common  to  all  boilers.  When  each  boiler  has  its  own 
furnace,  there  should  be  a  stop-valve  between  each  boiler 
and  the  drum  to  allow  the  boiler  to  be  taken  out  of  service 
when  required.  When  the  boilers  in  battery  have  one  fur- 
nace common  to  all  of  them,  no  stop-valve  should  ever  be 
placed  in  the  pipe  connections  between  each  boiler  and  the 
drum.  Where  boilers  are  in  battery  with  separate  furnaces, 
each  boiler  must  have  its  own  safety  valve,  which  should 
always  be  so  fitted  that  it  cannot  be  cut  off  from  the  boiler 
under  any  circumstances.  Scotch  boilers  are  rarely  fitted 
with  steam  drums;  they  are  frequently  used,  however,  in 
connection  with  the  boilers  installed  on  Western-river  steam- 
boats. Nearly  all  designs  of  water-tube  boilers  require  a 
combined  steam  and  water  drum. 

23.  Some  boilermakers,  when  fitting  a  longitudinal 
steam  drum  to  a  shell  boiler,  will  attach  it  by  two  nozzles. 
Many  engineers  object  to  this  method,  since  with  an  unequal 
expansion  of  the  boiler  and  drum,  which  is  quite  likely  to 
occur,  the  joints  of  the  nozzles  will  become  leaky,  owing  to 
the  strains  to  which  they  are  subjected.  It  is  now  the  rule, 
in  good  work,  to  use  one  nozzle  only.  When  the  steam 
drum  is  used  for  a  single  boiler,  its  diameter  may  be  made 
equal  to  one-half  the  diameter  of  the  boiler,  and  its  length 
equal  to  the  diameter  of  the  boiler.  Where  one  steam  drum 
is  common  to  several  boilers,  its  diameter  is  usually  made 
equal  to  half  the  diameter  of  one  of  the  boilers,  and  its  length 
equal  to  the  horizontal  outside-to-outside  measurement  over 
the  several  boiler  shells. 

The  strength  of  steam  drums  may  be  determined  by  the 
rules  governing  the  strength  of  boiler  shells.  They  require 
just  as  rigid  inspection  as  the  boiler  itself. 
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MUD-DRUMS 

24.  Mud-drums  are  occasionally  attached  to  boilers  for 
the  purpose  of  providing  a  quiet  place  for  the  collection  of 
mud  and  sediment  in  mechanical  suspension  in  the  feedwater, 
which  is  introduced  into  the  mud-drum.  In  shell  boilers  the 
mud-drum  is  located  underneath  the  boiler  and  at  the  rear 
end,  being  connected  to  the  boiler  by  a  suitable  nozzle. 
When  several  boilers  are  set  in  battery,  they  are  sometimes 
connected  to  a  common  mud-drum.  This  practice  is  per- 
missible when  the  whole  battery  is  used  at  once.  When  so 
fitted,  none  of  the  boilers  can  be  temporarily  taken  out  of 
service  unless  each  nozzle  is  provided  with  a  stop-valve. 
Owing  to  the  difficulty  of  protecting  the  valve  from  the  heat 
of  the  fire,  this  is  rarely  if  ever  done.  This  consideration 
limits  the  use  of  a  common  mud-drum  to  cases  where  all 
the  boilers  are  worked  together.  When  a  mud-drum  is 
fitted,  the  blow-off  should  be  attached  to  it  and  the  sedi- 
ment collected  in  the  drum  should  frequently  be  blown  out. 

Mud-drums  for  shell  boilers  are  not  used  to  any  extent 
outside  of  Western-river  steamboats  and  vessels  engaged 
in  similar  service.  Practically  all  marine  water-tube  boilers 
have  one  or  more  mud-drums  or  the  equivalent  thereof, 
their  design  generally  requiring  this. 


STAYING 


PURPOSE    AND    CLASSIFICATION 

25.  The  surfaces  of  boiler  shells  are,  in  general,  either 
cylindrical,  hemispherical,  or  flat.  A  cylinder  or  sphere  sub- 
jected to  an  internal  steam  pressure  is  set  {-supporting;  that 
is,  the  steam  pressure  tends  to  maintain  the  cylindrical  or 
spherical  form  of  the  vessel,  and  hinders  distortion  instead 
of  producing  it.  If,  on  the  contrary,  the  vessel  is  composed 
of  flat  surfaces,  the  steam  pressure  tends  to  distort  it  and 
give  it  an  approximately  spherical  form.  Hence,  flat  surfaces 
are  not  self-supporting,  and  must  be  braced  or  stayed. 


34 


MARINE-BOILER  DETAILS 


§10 


The  flat  surfaces  commonly  found  in  boiler  construction 
are  the  flat  heads  of  Scotch  boilers  and  the  sides,  back,  and 
top  of  the  combustion  chambers;  in  firebox  boilers,  the  sides, 
back,  and  top  of  the  combustion  chambers,  the  crown  of  the 
furnace,  the  water  leg:s,  and  the  flat  heads. 

The  appliances  used  for  bracing  steam  boilers  may  be 
divided  into  direct  stays^  diagonal  stays^  and  girder  stays. 

A  direct  stay  may  be  defined  as  one  in  tension,  in  which 
the  load  is  applied  directly  in  line  with  the  axis  of  the  stay. 

A  dlagronal  stay  is  a  tension  member  in  which  the  load 
acts  at  an  inclination  to  the  stay;  in  other  words,  it  is  a  stay 
that  is  not  placed  at  right  angles  to  the  surfaces  it  supports. 

A  grii'der  stay  is  a  stay  in  the  form  of  a  girder,  and  is 
subjected  to  bending  stresses  produced  by  the  load. 


DIRECT    STAYS 

26.     Screw  Stays. — The  most  common  form  of  a  scre'w 
stay  used  in  firebox  boilers  is  shown  in  Fig.  31.     The  stay 
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is  threaded  the  entire  length.  It  is  screwed  into  place  and  the 
ends  are  headed  over  by  hammering.  A  much  better  form 
is  shown  in  Fig.  32.     The  thread  is  turned  off  in  the  center, 


Fio.  32 

which  increases  the  durability  of  the  bolt,  for  the  reason  that 
a  smooth  surface  is  not  so  readily  attacked  by  corrosion  as  a 
threaded  surface. 
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27.  Staybolts. — Fig.  33  shows  a  staybolt  of  the  con- 
struction usually  met  with  in  Scotch  boilers,  used  for  staying 
the  sides  and  back  of  the  combustion  chambers.     It  consists 


Pio.83 

of  a  wrought-iron  or  steel  bolt  a,  screwed  into  the  two  plates 
b,  by  and  secured  by  a  nut  at  each  end.  An  enlarged  section 
of  the  nut  is  shown  at  c,  Fig.  33.  The  face  of  the  nut  is 
recessed,  the  recess  being  filled  with  red-lead  putty  mixed 
with  iron  filings.  The  putty  serves  to  make  a  steam-tight 
and  water-tight  joint. 

All  screw  stays  and  staybolts  for  boilers  using  fresh  water 
that  are  constructed  in  the  United  States  after  July  1,  1899, 
must  be  drilled  on  both  ends  with  a  central  hole,  as  a,  Fig.  32, 
having  a  diameter  of  not  less  than  i  inch  and  a  depth  suffi- 
cient to  extend  at  least  a  inch  beyond  the  inside  surface  of 
the  sheet.  Should  a  stay  break,  water  will  issue  from  this 
hole,  thus  giving  notice  of  the  break. 

28.     A    socket   staybolt    is    shown    in    Fig.    34.      The 

i 


Fig.  34 


socket  consists  of  a  tube  expanded  into  the  sheets  b  and  c, 
A  bolt  d  fitting  closely  the  inside  of  the  tube  a  is  passed 
through  and  secured  by  a  nut.  The  ends  of  the  socket  pro- 
ject from  the  sheets  and  are  beaded  over.     Sometimes  the 
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staybolt  shown  in  Fig.  31  is  protected  by  a  socket.  If  salt 
water  is  used  for  the  generation  of  steam,  all  screw  stay- 
bolts  must  be  provided  with  sockets  to  protect  them  from 
the  corrosive  effect  of  the  sea-water.  Water  from  a  surface 
condenser  is  deemed  fresh  water  by  the  United  States 
Inspectors  of  Steam  Vessels. 

29,     Stayrods. — A  rod  that  is  chiefly  used  for  staying 
the  heads  of  Scotch  boilers,  and  passes  through  from  head 
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to  head,  is  known  as  a  stayrocl.  Examples  of  stayrods  are 
shown  in  Figs.  35,  36,  37,  38,  and  30.  The  end  of  the  stay- 
rod  By  Fig.  35,  is  enlarged 
and  threaded  and  passes 
through  the  plate  A,  Two 
nuts  and  washers  are  pro- 
vided. The  larger  washer 
is  on  the  outside  and  is 
riveted  to  the  plate;  it  thus 
serves  to  distribute  the  sup- 
porting effect  of  the  rod. 
Sometimes,  instead  of  the  washer,  a  stiffening  plate  is 
used,  covering  the  whole  area  to  be  braced,  and  placed 
either  inside  or  outside  of  the  boiler.    By  means  of  the  nuts. 


Fig.  36 
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the  tension  of  the  stayrod  may  be  adjusted,  the  nuts  on  the 
inside  serving  to  lock  the  rod  in  position. 

Sometimes  stayrods  without  washers,  as  shown  in  Fig.  36, 
are  employed.  The  nuts  in  this  case  are  recessed,  the  same 
as  those  illustrated  in  Fig.  33.  Occasionally,  two  small 
washers  are  used,  as  shown  at  a  and  b,  Fig.  37.     A  some- 
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what  different  form  of  a  stayrod  is  shown  in  Fig.  38.  Two 
angle  irons  a,  a  are  riveted  to  the  plate.  The  end  of  the 
stayrod  is  enlarged  and  made  square  in  cross-section.  It 
is  tapped  to  receive  a  bolt  c  passing  through  the  plate  and 
between  the  angle  irons.  A  leaf  d  is  placed  on  the  outside 
and  helps  to  support  the  plate. 

The  diameters  of   through  stayrods  vary  from   Ij  to  21 
inches,  according  to  the  steam  pressure. 
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Another  method  of  connecting  the  ends  of  stayrods  to  the 
plate  is  shown  in  Fig.  39.     Here  the  end  of  the  stayrod  A, 

instead  of  being 
threaded,  is  forked  to 
receive  the  connec- 
tion B  B^  which  is 
riveted  to  the  sheet 
to  be  stayed,  and 
joined  to  the  staj^od 
by  a  bolt  C  The 
combined  effective 
area  of  the  two  legs 
of  the  connection  B  B 
^    ^  should  exceed  the 

Pio.  39 

area  of  the  stayrod. 
This  connection  is  often  used  to  support  the  lower  part  of 
the  rear  tube-sheets  of  Scotch  boilers. 


DIAGONAL.    STAYS 

30.     Palm  stays  and  Gusset  Stays. — A  palm  stay  is 

shown  in  Fig.  40.  The  end  B  is  flattened  and  riveted  to  the 
shell.  The  other  end  A  is  threaded  and  supplied  with  a  nut 
and  taper  washer  on  each  side  of  the  head,  the  washers 
having  such  a  taper  that, 
when  one  of  the  faces  is 
against  the  head,  the 
other  is  parallel  to  the 

face    of    the  nut.     The        ■  ^^"^^^^^ss^.  "^ 

hole  through  which  the 

stay   passes    is   not 

threaded,  but  is  made  sufficiently  large  to  allow  the  stay  to 

pass  through.     In  some  instances,  the  end  A  is  bent,  so  as  to 

pass  through  the  plate  at  a  right  angle  to  it.     This  is  done 

to  obviate  the  need  of  taper  washers. 

Palm  stays,  or  diagonal  stays,  as  they  are  sometimes 
called,  are  used  in  locations  prohibiting  the  use  of  a  through 
stayrod.    In  Scotch  boilers,  they  are  usually  found  supporting 
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the  lower  part  of  the  heads  between  the  furnaces.  The 
combined  area  of  the  rivets  attaching  the  stay  to  the  shell 
should  at  least  equal  the  area  of  the  rod.  The  angle  that  a 
diagonal  stay  makes  with  the  shell  should  not  exceed  30°, 
and  should  be  as  much  smaller  as  possible. 


This  stay  con- 


31.  In  Fig.  41  is  shown  a  gusset  stay. 
sists  of  a  wrought-iron  or 
steel  plate  A,  secured  to 
the  head  and  shell  by  either 
angle  or  T  irons  B,B. 
Gusset  stays  are  some- 
times used  for  the  same 
purpose  as  palm  stays. 

32.  Crowfoot  Bra-      "^  ^'^  ^^ 
ces. — The  flat  heads  of  boilers  are  sometimes  supported  by 
crowfoot  braces,  which  are  securely  riveted  to  the  head 

and  the  shell.  The  crow- 
foot brace  is  shown  in 
Fig.  42  {a).  In  this  style 
of  brace,  the  crowfoot,  or 
part  that  is  riveted  to  the 
head,  is  formed  by  weld- 
ing flat  bars  to  a  cylindri- 
cal stem.  The  strap  end, 
or  part  that  is  riveted  to 
the  shell,  is  also  welded  to 
the  stem.  An  improved 
form  of  crowfoot  brace  is 
the  McGregor  brace, 
shown  in  Fig.  42  {b).  This 
brace  is  formed  by  a  piece 
of  sheet  steel,  bent  in  one 
heat  as  shown.  Being  weldless,  it  may  naturally  be  assumed, 
and  the  assumption  has  been  borne  out  by  experiments,  that, 
for  equal  cross-sectional  areas,  it  will  bear  a  much  greater 
strain  than  the  welded  crowfoot  brace.  It  will  be  observed 
that   the   crowfoot  of   the   McGregor  brace    is   formed  by 
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splitting:  the  sheet  and  bending  it  at  a  right  angle.  In  the 
Huston  improved  crowfoot  brace,  shown  in  Fig.  42  (r),  the 
crowfoot  is  formed  by  flanging  the  plate  of  which  the  brace  is 
formed,  thus  giving  probably  the  strongest  form  of  crowfoot 
that  can  be  devised. 


GIRDER    STATS 

33.  The  tops  of  the  combustion  chambers  of  Scotch 
boilers  are  usually  supported  by  girder  stays,  the  construc- 
tion of  which  is  shown  in  Fig.  43.    Two  girders  A^  A'  are  held 
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Fig.  43 

apart  by  two  distance  pieces  a,  a'.  Staybolts,  similar  to  the 
one  shown  in  Fig.  33,  are  supported  by  the  girders.  To  pre- 
vent spreading  of  the  girders,  washers  d,  d  provided  with 
lugs  b,  b  are  used.  To  give  access  to  the  plate  and  to  prevent 
local  overheating  of  the  plate,  which  would  likely  occur  if 
the  girders  touched  the  whole  length  of  the  plate,  a  space  r, 
generally  about  2  inches  in  depth,  is  left  between  the  girder 
and  the  plate.  To  prevent  buckling  of  the  plate  by  setting 
the  staybolt  too  tight,  a  thimble  or  socket  B  is  sometimes 
placed  over  the  staybolt  between  the  girders  and  the  plate. 

34.  The  upper  plates  or  crown  sheets  of  the  furnaces  of 
internally  fired  boilers  of  the  locomotive  type  are  supported 
by  girder  stays,  or  crown  bars,  as  they  are  usually  called 
when  applied   to    a    firebox   boiler.     These  are   sometimes 
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furtber  supported  by  bIIdk  staje,  which  consist  of  brace 
rods  runninc  from  the  crown  bars  to  an  angle  bar  riveted  to 
the  shell  of  the  boiler  above  the  crown  bars. 

Referring  to  Fig.  44,  A  is  the  crown  bar,  B.Bare  the  side 


sheets  of  the  firebox,  C  is  the  crown  sheet,  /?,  /?  are  the  pins 
that  secure  the  crown  bar  to  the  crown  sheet,  A",  Aare  the  sling 
stays,  and  f  is  the  angle  bar.  The  latter  is  bent  to  the  shape 
of  the  boiler  shell  and  securely  riveted  to  it,  as  shown  in  the 
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illustration.  The  lower  ends  of  the  sling  stays  have  single 
eyes  forged  in  them  that  are  secured  between  the  two  mem- 
bers of  the  crown  bar  by  bolts  or  split  pins.  The  upper  ends  of 
the  sling  stays  are  forked  and  have  two  eyes  that  straddle  the 
flange  of  the  angle  bar  and  are  secured  to  it  by  bolts  or  pins. 
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35.  The  lower  part  of  the  combustion  chambers  of  Scotch 
boilers  is  often  streng:thened  by  several  hoops  made  of  ang^le 
iron  and  riveted  to  the  plate.  This  arrangement  is  shown 
in  Fig:.  ^5,  in  which  a  is  the  lower  part  of  the  combustion 
chamber  and  b,  b  are  the  ang:le-bar  hoops. 


FIRE    AND    COMBUSTION    SPACES 


FURNACES 


INTRODUCTION 

36,  Furnaces  of  marine  boilers  may  be  divided  into 
two  distinct  classes,  namely,  internal  furnaces  and  external 
furnaces.  The  Internal  furnaces  of  cylindrical  or  shell 
boilers  of  the  Scotch,  firebox,  locomotive,  and  vertical 
types  are  parts  of  the  apparatus,  beings  built  into  the 
boilers  during  their  construction,  and  of  similar  material 
to  that  used  in  the  other  parts  of  the  boilers.  The  fur- 
naces of  these  boilers  are  portions  of  the  pressure  parts 
and  are  surrounded,  or  partly  surrounded,  by  the  water  in 
the  boiler.  They  are  therefore  built  strong  enough  to 
sustain  the  same  pressure  to  which  the  boiler  shell  and 
other  pressure  parts  of  the  boiler  are  subjected. 

Cylindrical  marine  boilers,  such  as  are  used  on  Western- 
river  steamboats,  have  external  furnaces,  and  they  are 
usually  constructed  of  firebrick  under  the  front  end  of  the 
boiler.  Brick  furnaces  are  not  suitable,  however,  for  the 
boilers  of  sea-going  vessels.  The  brick  walls  are  too  heavy 
and  occupy  too  much  space,  and  the  working  of  the  ship  in 
a  seaway  would  cause  them  to  crack  and  eventually  fall. 

The  furnaces  of  marine  water-tube  boilers  like  the  Babcock 
&  Wilcox,  Almy,  Roberts,  and  other  steam  generators  of  this 
type  may  be  properly  called  internal  furnaces,  as  they  are 
surrounded  on  their  sides  by  water  tubes  that  form  a  part 
of  the  heating  surface,  and  are  in  communication  with  the 
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steam  space.  The  generating  tubes  of  water-tube  boilers 
are  enclosed  in  a  casing  of  sheet  iron  or  steel,  lined  with 
some  refractory  substance,  such  as  asbestos,  magnesia,  etc. 


FDKNACE    FLUES 

37.  The  furnaces  of  Scotch  boilers  are  cylindrical  in  form, 
and  are  known  as  furnace  flues.  The  longitudinal  seams 
of  furnace  flues  may  be  either  welded  or  riveted,  the  latter 
method  being  now  obsolete.  When  furnace  flues  with  riveted 
longitudinal  seams  are  used,  they  are  fitted  into  the  boiler  so 
that  the  seams  are  below  the  grate  bars,  in  order  that  the 
fierce  heat  of  the  fire  may  not  injure  the  seams.  Furnace 
flues  are  either  plain  or  corrugated. 

38.  Plain  furnace  flues  may  be  made  in  different  ways, 
as  shown  in  Fig.  46.  The  flue  shown  at  A,  Fig.  46,  is  made 
in  sections  of  not  more  than  8  feet  in  length.  Each  section 
is  flanged  to  a  depth  of  not  less  than  2g  inches,  and  the  sec- 
tions are  riveted  together  with  a  wrought-iron  ring  (shown 
at  a)  between  the  flanges.  The  thickness  of  the  ring  must 
not  be  less  than  \  inch  nor  its  width  less  than  2^  inches. 

A  different  construction  is  shown  at  B,  Fig.  46.     Angle- 


iron  rings,  as  a,  are  employed,  serving  to  stiffen  the  flue. 
The  thickness  of  the  material  of  the  ring  must  not  be  less 
than  double  that  of  the  flues,  and  the  depth  must  not  be  less 
than  2^  inches.  The  rings  are  held  in  position  by  rivets 
passing  through  wrought-iron  thimbles  b,  b,  placed  between 
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the  inner  surface  of  the  strengthening  ring  and  the  outer 
surface  of  the  flue.  The  length  of  the  thimbles  must  not  be 
more  than  2  inches,  nor  the  diameter  of  the  rivets  less  than 
li  times  the  thickness  of  material  in  the  flue.  The  pitch  of 
the  rivets,  measured  at  the  outer  surface  of  the  flue,  is  not  to 
be  more  than  6  inches. 

At  C,  Fig.  46,  the  strengthening  ring  shown  at  a  is  made 
of  half-round  iron.  The  proper  area  of  the  ring  may  be 
found  by  multiplying  the  thickness  of  the  flue  in  decimals  of 
an  inch  by  the  constant  9.6;  the  product  will  be  the  area,  in 
square  inches.  The  ring  is  held  in  position  by  rivets  passing 
through  wrought-iron  thimbles  6  not  more  than  2  inches  in 
height.  If  rivets  i  inch  diameter  and  over  are  used,  the 
pitch  must  not  exceed  8  inches;  for  rivets  i  inch  diameter,  6 
inches;  or  for  rivets  i  inch  diameter,  4  inches;  the  pitch  to  be 
measured  at  the  outer  surface  of  the  flue.  No  rivets  smaller 
than  a  inch  are  to  be  used  for  securing  strengthening  rings. 

The  distance  from  center  to  center  of  flanges  or  strength- 
ening rings  is  to  be  taken  as  the  length  of  the  flue  in  com- 
puting the  working  pressure  allowable. 


39.     CorriiKiited   funiac-e    (lues   are    used  extensively 

for  Scotch  boilers,  the  corrugation  serving  to  strengthen 
the  flue  considerably,  and  they  also  permit  the  flue  to 
expand  and  contract  freely  in  the  direction  of  its  length  with- 
out subjecting  the  combustion  chamber  and  the  front  head 
of  the  boiler  to  undue  strain,  as  is  the  case  with  the  plain 
furnace.  The  corrugations  open  and  close  by  expansion  and 
contraction  like  the  bellows  of  an  accordion,  but,  of  course,  to 
a  much  less  degree.     The  longitudinal  scams  of  corrugated 
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furnaces  are  invariably  welded.  In  Ftg.  47,  a  common  con- 
struction of  such  a  flue  is  shown.  The  end  A  is  cylindrical 
and  is  attached,  by  rivets,  to  the  head  of  the  boiler,  which  is 
flanged  either  inwardly  or  outwardly  to  fit  closely  over  the 


cylindrical  part  of  the  furnace  flue.  The  other  end  of  the  flue 
is  flanged  in  the  manner  shown;  the  back  tube  sheet  is  riveted 
to  the  flange  C,  and  the  plates  forming  the  sides  of  the  com- 
bustion chamber  are  riveted  to  the  flanges  D,D.  The  dis- 
tance from, center  to  center  of  corrugations  is  8  inches;  the 
plain  part  at  the  ends  must  be  not  more  than  9  inches,  and 
the  thickness  not  less  than  A  inch.  The  radius  of  the  outer 
corrugation  must  be  not  more  than  half  that  of  the  reverse 
or  suspension  curve, 

40.     A  Purves  ribbed  furnace  flue  is  shown  in  Fig.  48. 
Tfie  height  of  the  ribs  is  made  ij  inches,  the  distance  from 


center  to  center  of  ribs  9  inches.  The  thickness  of  the  flue 
must  not  be  less  than  -ys  inch,  and  the  length  of  the  plain 
part  at  the  ends  must  not  exceed  9  inches. 
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Both  corrugated  and  ribbed  flues  may  be  used  for  the 
uptakes  of  boilers  having  a  wet  uptake. 

41.  A  Morisoii  suspension  furnace  flue  is  shown  in 
Fig.  49.  This  flue  somewhat  resembles  the  corrugated  flue 
shown  in  Fig.  47.  The  outer  corrugations,  as  a,  a.  Fig.  49, 
are  made  to  a  small  radius,  and  are  joined  by  a  curve  of 
large  radius. 


FURNACE    FITTINGS 

42.     General  Arrangement. — The  furnace  fittingrs 

of  a  Scotch  boiler  are  shown  in  Fig.  60.     A  furnace  front  A^ 
made  of  cast  iron,  is  fitted  to  the  front  of  the  furnace.     It  is 


Fig.  50 

held  in  position  by  studs  screwed  into  the  head  of  the  boiler. 
A  furnace  door  B  is  fitted  to  the  furnace  front.  It  is  generally 
made  of  the  shape  shown,  and  is  about  18  inches  by  15  inches 
in  size.  A  baffle  plate  b  is  attached  to  the  door  by  means 
of  long  bolts,  distance  pieces  b'  made  of  iron  pipe  serving 
to  keep  the  plate  in  place.  This  baffle  plate  increases  the 
durability  of  the  furnace  door  and  prevents,  to  some  extent, 
the  radiation  of  heat,  as  it  absorbs  most  of  the  radiant  heat 
of  the  burning  fuel,  and  thus  prevents  its  coming  in  contact 
with  the  door.  The  furnace  door  is  often  provided  with 
a  small  hinged  door  B'  to  allow  the  slice  bar  to  be  pushed 
into  the  furnace  and  the  fire  sliced  without  opening  the  fur- 
nace door.  The  inrush  of  cold  air  that  always  accompanies 
the  opening  of  the  door  proper  is  thus  avoided.  'Means  for 
admitting  air  above  the  j^rate  are  often  provided.  The  fur- 
nace door  may  be  perforated  and  supplied  with  a  suitable 
arrangement  by  which  the  admission  of  air  may  be  regulated. 
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Baffle  plate  b  may  also  be  perforated  to  aid  in  distributing 
the  air.  The  lower  end  of  the  furnace  front  forms  what  is 
known  as  the  dead  plate,  extending:  clear  across  the  furnace. 

43.  Grate. — The  grrate,  which  is  generally  made  in  two 
sections,  as  C,  C,  Fig.  50,  is  composed  of  cast-iron  grate 
bars  supported  by  a  bearing  bar  D  in  the  center  of  the 
furnace  and  by  the  dead  plate  and  the  bridge  bar  E. 

The  grate  bars  are  generally  made  from  3  feet  to  3  feet 
6  inches  in  length,  a  greater  length  being  awkward  to  handle. 
In  order  to  facilitate  the  access  of  air,  the  fall  of  ashes,  and 
the  cleaning  of  the  fire  from  below,  they  are  made  somewhat 
thinner  at  the  bottom.  They  are  provided  with  distance 
pieces  cast  with  the  bar  at  both  ends,  and  sometimes  also 
in  the  center.     These  keep  the  bars  apart. 

Grate  bars  for  marine  boilers  are  often  cast  with  two  ribs, 
and  when  so  made  are  called  double  bars.  Single  bars,  with 
one  rib,  are  used  only  to  fill  out  a  row  of  bars  when  there 
is  not  space  enough  to  insert  a  double  bar.  A  double  grate 
bar  is  illustrated  in  Fig.  51.  The  grooves  a,  a  are  cast  along 
the  top  edges  of  the  ribs.      These  grooves   soon  become 
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Fig.  51 

filled  with  ashes  or  clinkers,  which  protect  the  top  of  the  bar 
from  being  burnt.  In  order  to  allow  grate  bars  to  expand 
freely  in  the  direction  of  their  lengths,  one  end  of  each  bar, 
where  it  rests  on  the  dead  plate  or  bridge-wall  plate,  is 
made  slanting  at  an  angle  of  about  45°,  as  shown  at  b. 
Fig.  5L  The  slanting  end  of  the  bar  is  in  contact  with  a 
similar  slant  in  the  dead  plate  or  bridge-wall  plate.  This 
permits  the  slanting  ends  of  the  bars  to  slide  up  when 
expanded.  If  both  ends  of  the  bar  were  made  square,  there 
would  be  no  room  for  the  bar  to  expand  and  it  would  soon 
become  bent  out  of  shape.     Even  if  spaces  were  left  between 
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the  ends  of  square  bars  and  the  dead  plate  or  bridge-wall 
plate,  they  would  soon  become  filled-  with  ashes  and  their 
object  thereby  defeated.  End  motion  of  the  bar  is  prevented 
by  notching  the  end  of  the  grate  bar  that  rests  on  the  center 
bearing  bar,  as  shown  at  c.  Fig.  51.  The  grate  is  usually 
placed  lower  at  the  back  of  the  furnace,  the  inclination  being 
about  \  inch  for  each  foot  of  length  of  the  grate.  This  per- 
mits free  access  of  air  to  the  back  of  the  grate. 

44.  The  width  of  the  air  space  and  hence  the  thickness 
of  the  grate  bar  depend  largely  on  the  character  of  the  fuel 
burned.  For  the  larger  sizes  of  anthracite  and  bituminous 
coals,  the  air  space  may  be  from  i  to  i  inch  wide,  and  the 
grate  bar  may  have  the  same  width.  For  pea  and  nut  coal, 
the  air  space  may  be  from  1  to  a  inch,  and  for  finely  divided 
fuel,  like  buckwheat  coal,  rice  coal,  birdseye  coal,  culm,  and 
slack,  air  spaces  from  iV  to  1  inch  may  be  used.  When 
these  small  air  spaces  are  used,  the  grate,  if  made  of  bars 
like  that  shown  in  Fig.  51,  must  have  the  ribs  so  thin  in 
proportion  to  their  length  that  they  will  warp  and  twist,  and 
a  large  number  of  the  bars  will  soon  break,  especially  when 
the  rate  of  combustion  is  high.  To  overcome  this  objection- 
able feature,  the  grate  bar  shown  in  Fig.  52,  and  known  as 


Fig.  52 

the  herring-bone  grate  bar,  was  designed,  and  where  the 

small  sizes  of  coal  are  used,  it  has  almost  entirely  superseded 
the  ordinary  grate  bar.  Owing  to  the  shape  of  the  supports 
for  the  fire,  they  are  free  to  expand  and  contract;  being  quite 
short  and  of  small  depth  in  comparison  to  the  ordinary  grate 
bar,  there  is  very  little  danger  of  excessive  warping  of  the 
supports.  In  consequence,  they  will  usually  far  outlast  a  set 
of  ordinary  grate  bars.  Since  there  are  only  a  few  large  bars 
for  the   grate,  it   is   also  easier  to   replace  a  broken  bar. 
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Herring-bone  gfrate  bars  can  be  obtained  in  a  great  variety 
of  styles  and  with  different  widths  of  air  spaces. 

45.  In  general,  a  grate  bar  that  is  suited  for  the  kind  of 
fuel  that  is  to  be  burned  should  be  selected.  Thus,  if  finely 
divided  coal  is  to  be  burned,  a  grate  bar  having  small  air 
spaces  and  supports  should  be  selected,  since  otherwise  a 
large  percentage  of  the  fuel  will  fall  into  the  ash-pit.  On 
the  other  hand,  for  the  large  sizes  of  coal,  select  bars  having 
large  air  spaces,  using  the  largest  air  space  when  caking 
coals  are  to  be  burned.  Some  varieties  of  bituminous  coal 
will  cake,  that  is,  fuse  together  to  a  considerable  degree,  and 
the  ashes  and  clinkers  formed  will  be  of  such  size  that  a 
large  part  of  them  cannot  pass  through  the  air  spaces  unless 
these  are  ample;  the  grate  thus  becomes  clogged,  shutting  off 
the  air  from  the  fire.  This  reduces  the  rate  of  combustion 
and  evaporation. 

46.  Bridge  and  Ash-Plt. — Referring  again  to  Fig.  50, 
the  bridgre  F'\s  built  up  of  firebrick  on  a  bearing  bar  of  the 
cross-section  shown.  Its  object  is  to  retard  the  escape  of 
the  gases  from  the  furnace,  and  thus  promote  a  more  perfect 
combustion.  The  distance  from  the  top  of  the  bridge  to  the 
top  of  the  furnace  varies  from  13  inches  to  16  inches.  The 
best  height  is  determined  by  actual  trial,  as  it  depends  on 
the  intensity  of  the  draft,  the  thickness  of  the  fire,  the  kind 
of  coal  used,  and  the  quantity  of  air  admitted.  Generally 
speaking,  the  area  over  the  bridge  is  equal  to  one-sixth  the 
area  of  the  grate.  The  cast-iron  bar  on  which  the  bridge  is 
built  is  attached  to  brackets  made  of  angle  iron  riveted  or 
secured  by  studs  to  the  side  plates  of  the  combustion  cham- 
ber. The  lower  half  of  the  furnace  flue,  that  is,  the  part 
below  the  grate  that  forms  the  ash-pit,  is  usually  lined 
with  sheet  iron.  Sometimes  a  thin  coating  of  cement  is 
applied.  A  baffle  plate  G  is  secured  by  tap  bolts  to  the  bridge 
bar  E  and  prevents  the  free  access  of  air  to  the  combustion 
chamber.  Sometimes  this  plate  is  perforated,  as  in  some 
cases  it  is  of  advantage  to  admit  air  behind  the  bridge.  If 
insu£5cient    oxygen    is    mixed    with    the    fuel,    incomplete 
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combustion  will  result.  But,  by  mixing  oxygen  with  the  prod- 
ucts of  combustion,  after  they  have  left  the  furnace  proper, 
and  while  they  are  still  in  a  red-hot  state,  complete  combus- 
tion can  be  obtained.  Sheet-iron  ash-pit  doors  are  usually 
provided  for  the  furnaces.  They  are  not  attached  to  the 
furnace,  but  are  kept  in  a  convenient  place  until  required, 
when  they  are  merely  placed  in  position,  two  hooks  riveted 
to  the  door  serving  to  keep  it  in  place. 


47.  /Lazy  Bar. — A  wrought-iron  bar  //,  Fig.  50,  extends 
across  the  furnace,  about  12  inches  below  the  dead  plate. 
This  bar  serves  as  a  rest  for  the  fire-tools  when  clean- 
ing the  ash-pit,  and  a  support  for  the  pricker  bar  while 
pricking  the  fire  from  below,  and  is  called  a  lazy  bar  by 
firemen.  There  is  another  form  of  lazy  bar  that  is  placed 
across  the  furnace-door  opening  as  a  support  for  the  hoe 
and  devil's  claw  while  cleaning,  banking,  or  hauling  the 
fires.  This  lazy  bar  consists  simply  of  a  bar  a  of  ij-inch 
round  iron  bent  to  the  shape  shown  in  Fig.  53,  in  which 

d  represents  the  furnace-door 
opening,  c,c  are  the  hinge  lugs 
attached  to  the  furnace  front, 
and  d  the  catch  of  the  door 
latch.  It  will  be  observed  that 
one  end  of  the  bar  rests  on  the 
upper  hinge  lug,  while  the  other 
end  is  supported  by  the  catch 
of  the  door  latch,  the  furnace  door,  of  course,  being  open 
while  the  bar  is  in  position  for  use.  The  latch  end  of 
the  bar  may  be  flattened  so  that  it  will  fit  into  the  notch 
of  the  latch  catch  and  at  the  same  time  form  a  shoulder  that 
will  prevent  the  bar  from  sliding  endwise.  This  may  also 
be  accomplished  by  forming  the  hinge  end  of  the  bar  into 
a  hook  that  will  grip  the  hinge  lug.  This  simple  arrange- 
ment enables  the  fireman  to  clean  the  fires  more  quickly 
and  get  the  furnace  doors  shut  sooner  than  without  it,  so 
tliat  the  rush  of  cold  air  into  the  furnace  will  be  stopped 
earlier.     It   also    lightens    the    labor   of    the    fireman    very 
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considerably,  especially 
if  very  heavy  firing 
tools  are  used. 

48.    furnace  Door. 

The  Morison  furnace 
3oor  illustrated  in  Fig. 

J4,  is  intended  to  over- 
come some  of  the  de- 
fects that  are  inherent 
to  the  usual  type  of  fur- 
nace doors  in  us^  on 
marine  boilers.  In  the 
illustration,  the  door  is 
shown  closed  at  (a)  and 
open, at  Id);  a  sectional 
view  through  the  door 
and  furnace  front  is 
given  at  (c).  The  pri- 
mary object  in  con- 
structing the  door  in 
this  manner  is  to  pre- 
vent the  undue  accumu- 
lation of  fuel  on  the 
front  end  of  the  grate, 
which  causes  overheat- 
ing and  ultimate  des- 
truction of  the  furnace 
door  and  its  attach- 
ments; in  consequence 
of  the  freedom  from 
obstruction  in  the  front 
end  of  the  furnace,  very 
much  better  facilities 
are  afFotded  for  prop- 
erly working  the  fire. 

To    accomplish    this, 
a   portion  of   the  dead 
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plate  immediately  inside  of  the  furnace  door  is  cut  away  at  a 
so  as  to  leave  a  recess.  The  door  is  provided  with  an  exten- 
sion, which,  when  the  door  is  closed,  fills  the  recess  in  the 
dead  plate.  This  extension,  and  also  the  vertical  portion  of 
the  door,  may  be  perforated  for  the  admission  of  air  into  the 
furnace.  The  furnace  front  b  is  made  of  a  plate  of  pressed 
steel  worked  to  the  shape  indicated  in  the  illustration;  the 
furnace  door  is  protected  from  ,the  fire  by  the  perforated 
liners.  This  furnace  door  is  arranged  to  open  upwards,  and 
is  so  counterbalanced  by  the  weights  d^  d  as  to  remain  open 
while  the  furnace  is  being  stoked.  This  is  an  advantageous 
feature  in  a  marine  boiler,  as  it  does  away  with  the  necessity 
of  catches  or  other  devices  for  preventing  the  door  from 
being  closed  by  the  motion  of  the  ship. 


COMBUSTION    CHAMBERS 


PURPOSE 

49.  The  combustion  cliamber  of  a  steam  boiler  is  an 
enclosed  space,  usually  located  back  of  the  bridge  wall,  pro- 
viding a  place  for  the  unconsumed  gases  to  be  thoroughly 
mixed  with  air  and  thus  effect  their  complete  combustion. 
In  some  cases,  a  small  quantity  of  air  is  admitted  into  the 
chamber  from  the  ash-pit  through  small  openings  in  the 
bridge  wall  or  in  the  diaphragm  below  the  bridge  wall.  In 
other  cases,  the  air  is  admitted  through  small  perforations 
in  the  furnace  door.  Sometimes,  the  excess  of  air  that 
passes  through  the  grates  is  depended  on  to  produce  the 
complete  combustion  of  the  gases  in  the  combustion 
chamber;  or,  small  openings  may  be  made  in  the  sides  of 
the  combustion  chamber  through  which  the  air  may  enter. 
In  all  cases,  however,  provision  should  be  made  to  regulate 
the  quantity  of  air  admitted,  as  more  air  is  required  to  com- 
pletely consume  the  gases  under  some  conditions  than  under 
others.  When  bituminous  coals  are  used,  a  large  quantity 
of  air  will  be  required;  while  with  the  hard  anthracite  much 
less  air  will  be  needed.     The  lowest  temperature  at  which 
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ig^nition  of  the  gases  can  take  place  is  about  1,800°  F.;  it  is, 
therefore,  evident  that,  if  the  gases  are  cooled  below  the 
point  of  ignition  by  too  much  air  or  otherwise,  they  will  be 
carried  to  the  smokestack  unconsumed.  It  follows  that  the 
furnace  must  either  be  of  sufficient  height  to  provide  a  space 
in  which  the  great  volume  of  gas  can  burn  before  being 
cooled,  or  else  there  must  be  a  combustion  chamber  adjacent 
to  the  furnace  in  which  the  gases  can  burn.  No  set  rule  can 
be  made  in  regard  to  the  right  quantity  of  air  to  admit  to  the 
combustion  chamber;  it  depends  on  the  experience,  skill,  and 
attention  of  the  firemen  to  obtain  the  best  results. 


CONSTRUCTION 

60.  •  The  combustion  chambers  of  internally  fired  marine 
boilers  are  constructed  of  similar  material,  and  the  plates  are 
joined  together  by  riveted  seams  in  a  similar  manner  to  that 
employed  in  the  construction  of  the  shells  and  heads  of 
boilers  of  that  class.  They  are  built  into  the  boilers  and 
are  designed  to  sustain  safely  the  steam  pressures  that  are 
carried  in  the  boilers  to  which  they  belong. 

The  shape  of  a  combustion  chamber  depends  on  the  form 
of  the  boiler  of  which  it  is  a  part,  and  as  to  whether  or  not 
it  is  internal  or  external.  Internal  combustion  chambers  are 
usually  made  circular  at  their  lower  ends  to  conform  to  the 
curve  of  the  boiler  shells,  and  concentric  with  them.  The 
upper  parts  are  usually  rectangular  with  flat  or  arched  tops. 
External  combustion  chambers  are  usually  rectangular  or 
nearly  so. 

51.  A  transverse  section  of  the  longitudinal  section  given 
in  Fig.  55  (a),  of  two  of  the  combustion  chambers  of  a  four- 
furnace,  single-ended,  Scotch  boiler  is  shown  in  Fig.  55  (^). 
The  sectional  view  given  in  Fig.  55  (a)  is  taken  through  the 
center  of  the  combustion  chamber  a,  Fig.  55  (d).  By  the 
method  of  construction  shown,  each  furnace  is  provided  with 
its  own  combustion  chamber,  which  arrangement  is  preferable 
to  having  one  combustion  chamber  common  to  two  or  more 
furnaces,  though  more  expensive  to  build.     The  front  sheet 
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of  the  combustion  chamber,  which  is  also  the  tube-sheet,  is 
shown  at  b,  and  the  rear  sheet  at  c;  d  is  the  furnace  flue. 
The  tube-sheet  and  rear  sheet  are  flanged  inwardly,  as  shown 
at  e,e,  to  which  flanges  the  side  and  top  sheets  /, /are  riv- 
eted. A  circular  opening  is  cut  in  the  lower  part  of  the 
tube-sheet  to  receive  the  rear  end  of  the  furnace  flue,  the 


two  being  firmly  riveted  together,  fls  shown  at  g,g.  Com- 
bustion chambers  of  Scotch  boilers  are  secured  to  the  shell 
and  rear  head  of  the  boiler  and  to  each  other  by  staybolts, 
as  A,  //.  The  bridge  wall  /,  which  is  constructed  of  firebrick, 
is  built  on  the  cast-inin  bearing  bar  /.  The  brickwork 
extends  across  the  floor  of  the  combustion  cliamber  and 
up  the  rear  sheet  of   the  same    for  some  distance   above 
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the  top  of  the  furnace  flue,  as  shown  at  k  and  /,  to  pro- 
tect the  metal  at  those  points  from  the  intense  heat  of  the 
flame,  which  otherwise  would  impinge  directly  against  it, 
accomplishing  its  early  destruction, 

52.     Combustion   chambers   are   sometimes   constructed 
wth  rounded  or  arched  backs,  as  shown  at  a.  Fig.  56,     The 


purpose  of  this  is  to  facilii 
tate  the  flow  of  the  gases 
of  combustion  into  the 
tubes,  the  curved  top  of  the 
combustion  chamber  act- 
ing as  a  deflector  for  the 
gases. 

53.     The  combustion 

chambers  of  firebox  boilers 
of  the  locomotive  type  are 
constructed  as  shown  in 
Fig.  57.  It  will  be  ob- 
served that  in  this  boiler  the  combustion  chamber  a  is  an 
extension  of  the  furnace  b  and  is  separated  from  it  by  the 
bridge  wall  c;  also,  that  the  back  sheet  of  the  combustion 
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chamber  is  the  front  tube-sheet.  The  side  sheets  are  secured 
to  the  shell  of  the  boiler  by  the  staybolts  e,  e,  and  to  the 
tube-sheet  and  firebox  by  the  flanges  /, /. 

54.  The  combustion  chamber  of  a  firebox  boiler  of  the 
flue  and  return-tubular  type  is  shown  at  a.  Fig.  58.  It  is  con- 
structed and  secured  in  the  boiler  in  very  much  the  same  way 
as  those  just  described,  with  this  difference,  however:  it  is 
located  at  the  rear  end  of  the  Sues  b,  6,  at  some  distance 
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from  the  furnace  c;  hence,  there  is  a  greater  opportunity  for 
the  unconsumed  gases  to  cool  below  the  temperature  of 
ignition  before  they  reach  the  combustion  chamber,  by 
coming  in  contact  with  the  walls  of  the  comparatively  cool 
flues,  than  if  the  combustion  chamber  were  located  immedi- 
ately adjoining  the  furnace.  The  door  (/  is  provided  to 
afford  access  to  the  interior  of  the  combustion  chamber  for 
cleaning,  inspection,  and  repairs. 

65.  The  combustion  chamber  of  a  return-flue  boiler  is 
illustrated  at  a.  Fig.  59.  This  is  an  enternally  fired  boiler  in 
which  the  construction  of  the  combustion  chamber  differs 
radically  from  those  of  internally  fired  boilers.     In  this  case. 
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it  is  fonned  of  firebricks.  This  method  of  coDstniction  has 
its  peculiar  advantaee.  The  combustioD  chamber  being 
located  at  a  considerable  distance  from  the  furnace  6,  tbe 
uDconsumed  gases  would  be  cooled  below  the  temperature  of 
ignition  if  it  were  not  for  the  fact  that  the  briclcs  of  which 
the  combustion  chamber 
and  the  smoke  flue  c  are 
constructed  become  highly 
heated  and  tbe  heat  given 
off  from  them  assists  in 
keeping  tbe  temperature  of 
the  gases  up  to  the  point 
of  ignition.  The  combus- 
tion of  tbe  gases  is  also  in 
progress  during  their  pas- 
sage through  the  smoke 
flue.  Tbe  doorway  ti  is 
constructed  in  the  rear  wall 
of  tbe  combustion  chamber  to  afford 
examination,  cleaning,  and  repairs. 

66.  The  construction  of  the  form  of  furnace  commonly 
used  with  water-tube  boilers  of  the  Babcock  &  Wilcox  type 
is  such  that  there  is  little  opportunity  for  combustion  to  take 
place  after  the  gases  leave  the  firebox.  The  gases  rise 
nearly  vertically  from  the  fuel  bed  and  pass  from  the  firebox 
immediately  into  contact  with  the  tubes;  the  narrow  spaces 
between  the  tubes  divide  the  gases  into  thin  sheets  that  are 
rapidly  cooled  below  the  temperature  of  ignition.  The  vertical 
direction  of  the  current  of  gases  in  the  furnace  makes  it  diffi- 
cult to  secure  any  considerable  admixture  of  air  from  the 
fire-door;  the  chief  dependence  for  the  air  supply  must,  there- 
fore, be  on  the  air  that  rises  through  the  grates  and  passes 
upwards  through  the  bed  of  fuel.  These  conditions  make  it 
essential  that,  for  complete  and  economical  combustion,  a 
sufficient  supply  of  air  be  admitted  through  the  grate  itself 
and  that  the  supply  be  well  distributed  over  the  whole  grate 
area  so  that  it  may  become  mixed  with  the  gases  almost  as 
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soon  as  they  are  formed.  It  is  also  important  that  the  grate 
be  placed  far  enough  below  the  tubes  to  permit  of  a  thorough 
mixture  of  the  gases  and  air  and  of  complete  combustion  of 
the  gases  before  they  enter  the  spaces  between  the  tubes. 
The  distance  from  the  grate  to  the  tubes  should  be  regulated 
in  accordance  with  the  volatile  contents  of  the  coal;  for 
anthracite  or  coke,  the  minimum  distance  is  about  24  inches; 
for  coals  containing  large  quantities  of  volatile  matter  and 
burning  with  a  long  flame,  a  distance  of  36  inches  or  more  is 
often  needed.  

PASSAGES  FOR  GASES  OF  COMBUSTION 


BOILER    FLUES 

57.  The  longitudinal  seams  of  boiler  flues  may  be  either 
riveted  or  lap  welded.  Riveted  flues  are  usually  made  as 
shown  in  Fig.  60.  They  are  made  in  sections,  the  ends  of 
the  sections  being  fitted  one  into  the  other  and  substantially 


Fig.  60 

riveted.  Lap-welded  flues  above  6  inches  in  diameter  and 
not  exceeding  16  inches  diameter  need  not  be  made  in  sec- 
tions, provided  that  the  steam  pressure  does  not  exceed 
60  pounds  per  square  inch  or  the  length  of  the  flue  18  feet. 
If  the  pressure  is  over  60  pounds  and  not  exceeding  120 
pounds,  such  flues  may  be  made  in  sections  not  exceeding 
5  feet  in  length.  

nOILEK    TUBES 

58.  Materials  and  Sizes. — The  principal  purpose  of 
boiler  tubes  is  to  increase  the  heating  surface  of  the  boiler 
and  thereby  increase  its  steaming  capacity.  The  tubes  also 
divide  the  water  and  heated  gases  into  small  bodies,  thereby 
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greatly  facilitating  the  transmission  of  the  heat  from  the 
Sfases  to  the  water. 

Boiler  tubes  are  made  of  iron,  steel,  and  brass,  and  until 
recently  were  all  lap  welded.  Lately,  however,  cold-drawn, 
seamless,  steel  tubes  have  come  into  extensive  use  for  first- 
class  work.  Brass  tubes  were  formerly  much  used  in  the 
Navy,  but  they  have  been  superseded  by  steel  tubes.  Seam- 
less copper  or  brass  tubes  not  exceeding  i  inch  in  diameter 
are  allowed  in  the  construction  of  water-tube  pipe  boilers  or 
gfenerators  in  which  liquid  fuel  is  used. 

59.  The  sizes  of  tubes  ^nd  flues  are  designated  by  their 
outside  diameters  to  distinguish  them  from  pipes,  which  are 
designated  by  their  inside  diameters.  Tubes  more  than  5 
inches  in  diameter  are  usually  called  flues.    The  thicknesses  of 

SIZES    OF    BOILER    TUBES 


Outside 

Thickness 

Thickness 

Outside 

Thickness 

Thickness 

Diameter 

Fractions 

byB.W.G. 

Diameter 

Fractions 

byB.W.G. 
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.095 
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8 

.165 
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.095 

13 

9 

.180 

7 

2i 

.109 

12 

10 

.203 

6 
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.109 

12 

1 1 

.220 

5 

3 

.109 

12 

12 

.229 

3i 

.120 

II 

13 

.238 

4 

3i 

.120 

II 

14 

.248 

3i 

.120 

II 

15 

.259 

3 

4 

.134 

10 

1 

16 

.270 

tubes  are  expressed  in  fractions  of  an  inch,  and  also  by  wire- 
S^auge  numbers.  There  are  numerous  wire  granges  in  use,  but 
the  one  generally  accepted  as  the  standard  is  the  Birmingham 
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wire  g:auge,  which  is  usually  desig^nated  by  the  capital  letters 
B.  W.  G. 

The  thicknesses  of  boiler  tubes  and  flues,  as  required  by 
the  Board  of  United  States  Supervising  Inspectors  of  Steam 
Vessels,  are  given  in  the  table  in  this  article. 

The  table  gives  the  minimum  thickness  of  boiler  tubes  and 
flues  up  to  6  inches  in  diameter,  and  of  any  required  length, 
to  carry  a  working  pressure  not  to  exceed  225  pounds  per 
square  inch,  if  deemed  safe  by  the  inspectors.  Lap-welded 
flues  over  6  inches  in  diameter  and  not  over  16  inches  in  diam- 
eter, of  the  thicknesses  given  in  Table  I,  are  allowed  a  pres- 
sure of  60  pounds  per  square  inch  i^  their  lengths  are  not 
greater  than  18  feet.  Lap-welded  and  riveted  flues  over 
6  inches  in  diameter  and  not  over  16  inches  in  diameter,  and 
not  longer  than  18  feet,  are  allowed  a  pressure  of  120  pounds 
per  square  inch  if  made  in  sections  not  over  5  feet  long  that 
are  properly  fitted  into  each  other  and  substantially  riveted. 


60.     Securing   Tubes. — The    method   of   securing   the 
tubes  of  Scotch  boilers  is  illustrated  in  Fig.  61,  in  which  a 

is  the  tube,  d  the  front 
tube-sheet,  and  c  th§  back 
tube-sheet.  The  tubes  are 
inserted  from  the  front  end 
of  the  boiler  and  driven 
through  both  tube-sheets 
until  they  project  about 
4  inch  into  the  back  con- 
nections, their  lengths 
being  such  tbat  about  f  to 
3  inch  will  be  left  outside 
of  the  front  tube-sheet. 
The  ends  of  the  tubes  are  expanded  in  the  tube-sheets  by 
means  of  a  tool  called  a  f7ide  expaiidn-,  this  serving  to  make 
the  joints  tight.  After  being  expanded,  the  ends  of  the  tubes 
projecting  into  the  combustion  chamber  are  peened  over  with 
a  ball-faced  hammer  and  then  beaded  over  the  tube-sheet,  as 
shown  at  d^  Fig.  61,  by  a  beading  tool,  commonly  called  a 
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boot-tool,  made  as  shown  in  Fig.  62,  The  front  ends  of  the 
tubes  are  sometimes  merely  expanded,  so  that  the  tubes  may 
be  driven  inwardly  a  little  and  expanded  and  beaded  anew 


should  they  leak,  but  more  often  they  are  peened  over 
slightly,  as  shown  at  e.  Fig.  61. 

61.     The  Dudgeon  roller-tube  expander,  shown   in 

Fig.  63,  is  most  commonly  used  for  expanding  boiler  tubes. 
It  consists  of  a  body  A  provided  with  three  slots  for  the  recep^ 
tion  of  the  rollers  a,  a,  a.  A  plate  li,  fastened  to  the  body  by 
the  three  screws  c,  c,c,  prevents  any  longitudinal  movement 
of  the  rollers.  The  rollers  are  forced  outwards  and  rotated 
by  the  taper  pin  C,  which  is  provided  with  a  head  perforated 


with  two  holes  at  right  angles  to  each  other.  To  make  the 
expander  adjustable  for  different  thicknesses  of  tube-sheets, 
the  hood  D  may  be  moved  longitudinally  and  may  be  locked 
in  any  desired  position  by  means  of  a  small  taper  pin  d,  which 
is  driven  inwards  to  lock  the  hood.  The  operation  of  the 
expander  is  as  follows:  The  expander  is  pushed  into  the 
tube,  the  projections  D',  D"  limiting  the  depth  to  which 
the  tool  may  be  inserted.  A  sharp  blow  with  a  copper 
hammer  is  struck  on  the  head  of  the  pin  C,  forcing  it  inwards, 
and  hence  the  rollers  outwards.     Next,  a  bar  is  inserted  into 
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one  of  the  holes  tn  the  head  and  the  pin  rotated;  the  friction 
between  the  pin  and  the  rollers  causes  the  letter,  and  con- 
sequently the  whole  tool,  to  rotate;  this  operation  expands 
the  tube. 

62.  The  ends  of  boiler  tubes  should  be  annealed  before 
they  are  expanded;  otherwise,  they  will  be  hard  and  brittle 

and  liable  to  split 
while  being  expand- 
ed.    The  process  of 
U      ^^^^^      ^^"""^^^^^  annealing   the    tubes 

I  j  J  is   as   follows:     The 

II  \  1  I  ends  of  the  tubes  are 
II — ^^i^^     lapp^HMMi^^J   heated  to  a  red  heat 

in  a  furnace  or  forge, 
and  the  tubes  are  then 
stood  on  their  heated 
ends  in  a  box  con- 
taining a  mixture  of  fine  charcoal  and  air-slacked  lime,  in 
equal  parts  to  a  depth  of  5  or  6  inches,  and  there  allowed 
to  cool  This  renders  them  soft  and  ductile,  which  enables 
them  to  be  expanded  without  danger  of  splitting. 

Tubes  or  flues  above  5  inches  in  diameter  are  commonly 
riveted  to  the  heads,  which  are  flanged  to  receive  them. 

63.  Stay-tubes  are  used  to  stay  the  tube-sheets,  and  are 
tubes  of  greater  thicknesses  than  the  ordinary  tubes.  The 
ends  are  enlarged  and  threaded,  and 
the  tube  is  screwed  into  the  front 
and  rear  tube -sheets.  They  are 
secured  either  by  a  nut  on  the  outside 
of  the  sheet,  as  shown  in  Fig.  64.  or 
beaded  over,  as  illustrated  in  Fig.  65. 
Sometimes  a  nut  on  each  side  of  the 
sheet  is  used.  From  one-third  to  one- 
fourth  of  the  tubes  in  a  Scotch  boiler 
are  stay-tubes.  "°'  ** 

A  sectional  view  of  a  wrench  that  is  very  convenient  for 
screwing  and  unscrewing  stay-tubes  is  shown  in  Fig.  66.     It 
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consists  of  the  spindle  or  mandrel  a,  which  is  just  large 
enough  to  enter  the  tube.  Two  semicircular  grooves  b,  b 
are  cut  into  the  sides  of  the  spindle,  into  which  are  fitted  two 
short  pieces  of  tool  steel  c^Cy  of  the  section  shown,  and  held 
there  by  any  convenient  means.  Their  outer  edges  being 
roughened,  they  grip  the  inside  of  the  tube  whichever  way 
it  may  be  turned. 

64.  Tubes  of  water-tube  boilers  of  the  Babcock  & 
Wilcox  type  are  secured  in  a  similar  manner  to  those  of  the 
fire-tube  boiler.  The  tubes  of  water-tube  boilers  of  the 
See  and  Seabury  types  are  expanded  into  the  steam  and 
water  drums,  the  operation  being  similar  to  that  practiced 
with  large  tubes. 

The  tubes  of  the  Mississippi  boiler  are  secured  in  the 
steam  and  water  drums  by  screw  ferrules.  These  ferrules 
are  threaded  both  inside  and  outside;  the  inside  thread 
receives  the  end  of  the  tube,  while  the  outside  thread  is 
screwed  into  the  drum.  Pipe  boilers  of  the  Almy  and 
Roberts  types  are  put  together  with  ordinary  threaded  pipe 
fittings. 

65.  Serve  Tube. — A  sectional  view  of  a  boiler  tube 
that  is  now  being  used  to  a  considerable  extent  in  the  boilers 
of  modem  steamships  is  illustrated  in 
Fig.  67.  It  is  known  as  the  Serve  tube 
and  its  special  feature  is  that  its  interior 
surface  is  largely  composed  of  a  number 
of  longitudinal  ribs,  as  shown  at  «,  a. 
The  object  of  these  ribs  is  to  increase 
the  amount  of  surface  of  the  tube  that 
is  in  contact  with  the  hot  gases,  and 
thereby  extract  a  larger  amount  of  heat  ^^^'  ^ 

from  them,  which  is  transmitted  to  the  water  through  the 
ribs  and  walls  of  the  tube,  thus  increasing  the  efficiency  of 
the  boiler. 

66.  Spiral  Retarder. — It  is  sometimes  the  case  that  in 
fire-tube  boilers  with  very  strong  natural  draft,  or  when  using 
forced  draft,  the  gases  of  combustion  enter  the  stack  at  a 
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very  high  temperature,  and  much  of  the  heat  they  contain, 
which  should  have  been  absorbed  by  the  water  to  make 
steam,  is  lost.  In  order  to  overcome  this  difficulty  and  cause 
the  gases  to  be  retained  in  contact  with  the  heating  surface 
of  the  tubes  for  a  longer  period  of  time,  and  thus  utilize 
more  of  their  heat,  an  arrangement  called  a  spiral  retarder 
is  inserted  into  each  tube.     The  retarder  is  illustrated  in 
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Fig.  68,  in  which  a  is  the  tube  and  b  the  Retarder,  which 
consists  simply  of  a  strip  of  thin  (say,  \  inch  thick)  sheet 
iron  or  steel,  the  width  of  which  is  just  equal  to  the  inside 
diameter  of  the  tube.  This  metal  strip  is  twisted  to  a  spiral 
form,  very  similar  to  a  carpenter's  auger,  and  placed  in  the 
tube,  wherein  it  is  a  loose  fit.  This  spiral  strip  causes  the 
current  of  hot  gases  to  take  a  spiral  course  through  the 
tube,  thereby  increasing  the  distance  they  have  to  travel, 
and  keeping  them  in  contact  with  the  walls  of  the  tube  a 
longer  period  of  time,  which  gives  the  heat  a  better  oppor- 
tunity to  enter  the  water. 

By  gripping  the  end  of  the  retarder  with  a  pair  of  black- 
smith's tongs,  it  may  be  turned  around  and  around,  thus 
loosening  any  soot  or  other  foreign  matter  that  may  have 
become  incrusted  on  the  inside  of  the  tube,  after  which  the 
retarder  can  be  withdrawn  and  the  loosened  incrustation 
blown  from  the  tube  by  a  steam  jet. 
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CONSTRUCTION,  USE,  AND  CARE 


SAFETY  VALVES 


CONSTRUCTION 

1.  A  safety  valve  is  a  device  used  to  prevent  the  steam 
within  the  boiler  from  exceeding  a  certain  pressure.  This  is 
accomplished  by  the  steam  overcoming  the  downward  force 
on  the  valve  and  opening  a  passage  for  the  steam  to  escape 
into  the  atmosphere.  The  valve  remains  open  for  some 
time,  reducing  the  steam  to  a  somewhat  lower  pressure,  and 
relieving  the  boiler. 

2.  A  common  lever  safety  valve,  as  applied  to  boilers 
of  steam  vessels,  is  shown  in  Fig.  1.  The  lower  end  of  the 
casing  A  communicates  with  the  boiler  and  is  bored  out  to 
receive  the  gun-metal  bushing  B,  This  bushing  is  secured 
to  the  casing,  its  upper  edge  b  being  chamfered  and  formings 
the  seat  for  the  valve  V.  Four  arms  on  the  inside  of  the 
bushing  support  the  boss  b\  which  is  bored  out  central  with 
the  seat,  and  forms  a  guide  for  the  lug  on  the  lower  face 
of  the  valve.  Attached  to  the  upper  end  of  the  valve  is 
the  stem  5",  which  passes  through  a  gun-metal  bushing  in  the 
bonnet  A'  and  is  guided  at  its  upper  end  by  a  bushing  in  the 
yoke   Y.     The  stem  is  slotted  below  the  yoke  and  above 
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the  bonnet,  and  is  provided  with  knife-edge  bearings  for  the 
lever  L,  which  has  its  fulcrum  at  the  upper  end  o£  the  link  I 
pivoted  at  a.  A  weight  W  is  placed  a  certain  distance  from 
the  fulcrum;  this  weight  acts  on  the  valve  stem,  and  conse- 
quentljr  presses  the  valve  to  its  seat,  forming  the  resistance, 
or  downward  force,  that  the  steam  acting  on  the  under  side 
of  the  valve  has  to  overcome.  On  the  steam  pressure  reach- 
ing a  certain  point,  it  will  balance  the  downward  force,  and  a 
slight  increase  of  the  steam  pressure  will  cause  the  valve  to 
lift  from  its  seat,  thus  forming  an  annular  opening  through 
which  the  steam  escapes  into  the  passage  P  and  thence 
through  a  pipe  (not  shown  in  the  figure)  into  the  atmos- 
phere.    As  the  steam  pressure  becomes  less,  a  point  is  soon 


reached  at  which  the  downward  force  balances  the  steam 
pressure,  and  on  the  pressure  beinjr  still  further  reduced, 
the  valve  closes.  A  small  drain  pipe  should  be  fitted  to  the 
casing  just  above  the  valve  seat,  to  carry  away  any  water 
that  may  collect,  and  which,  by  its  weight,  would  add  to  the 
external  load  on  the  valve.  Lever  safety  valves  are  today 
practically  obsolete  in  sea-going  vessels,  but  are  used  to 
some  extent  on  river  steamers. 

3.  A  dpntl-welgflit  sarftj-  valve  is  shown  in  Fig.  2. 
In  this  construction,  the  external  load  on  the  valve  is  formed 
by  cast-iron  or  leaden  weights  (('.  W  piled  on  a  plate  P 
attached  to  the  valve  stem.  The  action  of  this  valve,  under 
pressure,  is  the  same  as  that  of  the  valve  just  described. 
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A  crown  cap,  or  hood  D,  provided  with  two  rings  cast  on  it 
and  also  with  a  handle,  is  attached  to  the  upper  end  of  the 
valve  stem  5,  by  means  of  the  cotter  C,  and  fits  the 
stem  loosely.     The  depth  of  the  slot  in  the  stem  S,  which 


1  the  cover,  is  such  that  the 


ma 


works  in  a  bushing  F  fixed 
valve  can  move  upwards  a 
certain  distance  without  lift- 
ing the  hood  O,  while  the 
bood  cannot  be  raised  with- 
out raising  the  valve  with 
it.  By  means  of  the  forked 
lever  L,  the  valve  can  be 
lifted  and  its  freedom  of 
action  tested.  The  handle 
attached  to  the  hood  is  for 
the  purpose  of  turning  the 
valve  around  on  its  seat 
occasionally,  thus  crushing 
any  scale  or  other  sediment 
that  may  lodge  on  it. 

The  dead-weight  safety 
valve  is  the  earliest  form  of 
safety  valve,  but  is  now  obso- 
lete in  American  practice,  fio.  i 

4.  A  sprlnfc-loadcd  Harcty  valve  is  illustrated  in 
Fig.  3.  The  external  load  is  the  force  required  to  compress 
the  coiled  spring  T.  By  means  of  the  threaded  bushing  (7,  the 
tension  of  the  spring  can  be  regulated  by  screwing  the  bush- 
ing up  or  down,  thus  providing  a  simple  method  of  adjusting 
the  downward  force  to  the  pressure  at  which  the  valve  is 
to  open.  The  hood  D.  which  fits  loosely  on  the  upper  part 
of  the  bonnet  or  casing  B,  is  keyed  to  the  valve  stem  S  by 
means  of  the  cotter  C,  in  which  is  the  padlock  hole  d. 
The  hood,  and  consequently  the  valve,  may  be  lifted  by 
means  of  the  lever  /,.  At  the  same  lime,  the  valve  is  at 
liberty  to  open  without  lifting  the  lever.  The  bushing  G, 
which  is  provided  with  a  locknut  G',  forms  a  guide  for  the 
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upper  end  of  the  valve  stem.  When  the  steam  pressure  lifts 
the  valve  oS  its  seat,  the  spring  is  compressed;  this  increases 
the  resistance  of  the  spring;  and  so  increases  the  force  actios 
downwards  on  the  valve.  This  prevents  the  valve  from 
lifting  any  higher,  and  gives  but  a  limited  area  for  the  steam 
to  escape. 

5.  To  overcome  the 
increasing  resistance  of  the 
spring  mentioned  in  Art.  4, 
the  so-called  pop  safety 
valve  has  been  designed, 
and  has  now  superseded 
all  other  forms  of  spring- 
loaded  safety  valves;  in  fact, 
this  type  of  safety  valve  is 
used  for  most  marine  boilers. 
A  pop-v:ilve  is  shown  in 
Fig.  4.  A  gun-metal  bush- 
ing li  is  fitted  to  the  lower 
end  of  the  valve  casing  A. 
The  bushing  is  threaded  and 
fitted  with  a  movable  ring  R 
of  the  cross-section  shown 
in  the  figure.  A  threaded 
bushing  C,  provided  with  a 
lock-nut  and  forming  a  guide 
for  the  valve  stem  .S",  is  used 
to  adjust  the  external  load  on 
thevaU'C.  An  annular  recess  »" 
is  cut  into  the  face  of  the  valve  V.  The  other  parts  C,  d,  D,  L. 
and  T  are  the  same  as  in  Fig.  3.  On  the  steam  pressure 
lifting  the  valve,  the  steam  flows  through  the  opening 
between  the  valve  and  its  seat  and  through  the  annular 
passage  bb  into  the  casing,  and  thence  into  the  atmosphere. 
Its  free  escape  being  somewhat  restricted  by  the  narrow 
passage  f>f>.  a.  slight  pressure  accumulates  imder  the  face  of 
the  valve,  and  this  pressure  acting  on  the  increased  surface 
presented  causes  the  valve  to  open  promptly  and  allows  the 
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steam  to  escape  freely.     This  additional   pressure  can  be 

adjusted  by  raising  or  lowering  the  ring  R,  thus  reducing  or 

increasing  the  area  of  the  passage  bi>.     The  smaller  the  area 

of  this  passage,  the 

faster    the    pressure 

irill   accumulate  and 

the  higher  the  valve 

wll  lift;  conversely, 

the    larger   the   area 

of  the  passage,  the 

slower  will  the  pres- 

stire  accumulate,  and 

the    longer    will    be 

the  time  required  for 

the  full  opening  of  the 

valve,     A  pop-valve 

closes  very  promptly, 

thus  preventing   an 

undue  loss  of  steam. 


6.  A  safety  valve 
is  intended  to  relieve 
a  boiler  of  all  the 
surplus  steam  gener- 
ated. To  accom- 
plish this  object,  this 
valve  must  have  a 
certain  area  of  open- 
ing; this  area  is  fixed 
by  the  rules  and  regulations  of  the  Board  of  Supervising 
Inspectors  of  Steam  Vessels  to  be,  for  lever  safety  valves, 
at  least  1  square  inch  to  every  2  square  feet  of  grate  surface 
of  the  boiler  to  which  the  valve  is  attached.  For  spring- 
loaded  safety  valves  constructed  so  as  to  give  an  increased 
lift  by  the  operation  of  steam  after  being  raised  from  their 
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seats,  or  any  springf-loaded  safety  valve  constructed  in  any 
other  manner  so  as  to  give  an  effective  area  equal  to  the  first- 
mentioned  spring-loaded  valve,  the  area  of  opening  must  be 
at  least  1  square  inch  to  every  3  square  feet  of  grate  surface. 

All  spring-loaded  safety  valves  for  water-tube,  coil,  and 
sectional  boilers  required  to  carry  a  steam  pressure  exceed- 
ing 175  pounds  per  square  inch  must  have  an  area  of  not  less 
than  1  square  inch  to  every  6  square  feet  of  grate  surface  of 
the  boiler. 

Thfe  term  area  of  opening  refers  to  the  area  corresponding 
to  the  internal  diameter  of  the  valve.  The  term  effective  area 
always  refers  to  the  area  of  the  annular  opening  between  the 
valve  and  its  seat,  through  which  the  steam  escapes  when 
the  valve  is  raised. 

7.  The  safety  valves  of  a  battery  of  boilers  must  be 
arranged  in  such  a  manner  that  each  boiler  shall  have  one 
separate  safety  valve,  unless  the  arrangement  is  such  as  to 
preclude  the  possibility  of  shutting  off  the  communication 
of  any  boiler  with  the  safety  valve  or  valves  employed.  This 
also  applies  to  safety  valves  provided  with  an  attachment 
preventing  any  but  an  authorized  person  to  increase  the 
downward  force  on  the  valve.  A  valve  constructed  in  such 
a  manner  is  known  as  a  lock-up  safety  valve.  Referring 
to  Figs.  3  and  4,  if  a  padlock  were  attached  to  the  cotter  C 
at  dy  the  cotter  could  not  be  withdrawn  unless  the  padlock 
were  removed  first;  and,  as  the  hood  D  covering  the  adjust- 
ing bushing  cannot  be  removed  without  withdrawing  the  cot- 
ter, no  one  but  the  person  having  the  key  of  the  padlock  can 
adjust  the  compression  of  the  spring. 

8.  All  spring-loaded  safety  valves  must  be  provided  with 
a  lever  that  will  raise  the  valve  from  its  seat  a  distance  of 
not  less  than  one-eighth  the  diameter  of  the  valve  opening. 
The  seats  of  any  size  of  safety  valve  used  on  a  marine  boiler 
must  have  an  angle  of  inclination  to  the  center  line  of  45°. 
The  area  of  opening  of  the  connection  between  the  safety 
valve  and  the  boiler  must  be  at  least  equal  in  area  to  the 
area  of  the  valve. 
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9.  Very  often,  one  lock-up  safety  valve  is  provided  for 
every  common  safety  valve.  The  valves  (two  or  more  in 
number)  are  usually  placed  on  a  separate  fitting,  shown  at 
A,  Fig..  5.  This  fit- 
ting may  be  attached 
to  the  shell  of  the 
boiler  or  the  shell 
of  the  steam  drum. 
It  avoids  the  neces- 
sity of  cutting  a 
separate  hole  in  the 
shell  for  each  valve. 
In  the  illustration,  B 
and  C  are  the  safety 
valves,  and  b  and  c 
their  respective 
escape  pipes  lead- 
ing the  steam  blown  off  to  the  main  escape  pipe.  The 
drain  pipes  b',  c*  prevent  the  accumulation  of  water  in  the 
valve  casing. 


Fig.  5 


CALCUI^ATIONS 

10.  Jjever  Safety  Valves. — No  safety  valve  can  open 
without  a  slight  increase  of  pressure  above  that  for  which  it 
is  set;  since,  in  order  to  lift  the  valve,  the  pressure  on  the 
under  side  of  the  valve,  which  may  be  called  the  internal,  or 
upward,  force,  must  exceed  the  external,  or  downward,  force 
on  the  valve  plus  the  friction  of  the  mechanism  of  the  valve. 
If  the  internal  and  the  external  forces  on  the  valve  are  equal, 
the  valve  will  be  in  equilibrium  (balanced),  and  an  increase 
of  the  internal  force  will  cause  it  to  open.  A  safety  valve 
will  not  close  until  the  pressure  has  been  reduced  somewhat 
below  the  pressure  at  which  the  valve  opened. 

11.  The  point  at  which  a  safety  valve  will  blow  off 
depends  on  the  external  force  on  the  valve.  To  be  in  equi- 
librium, the  external  load  exerting  a  downward  pressure  on 
the  valve  must  be  equal  to  the  internal   force  exerting  an 
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upward  pressure  on  the  under  face  of  the  valve.  Evidently, 
the  upward  pressure  is  equal  to  the  area  of  the  valve  multi- 
plied by  the  pressure  per  unit  of  area. 

Whenever  the  word  pressure  is  used  in  relation  to  calcu- 
lations pertaining  to  safety  valves,  the  f^ugre  pressure  is 
meant,  unless  otherwise  stated.  By  the  area  of  a  safety  valve 
is  meant  the  area  of  that  part  which  is  exposed  to  the  steam 
pressure  when  the  valve  is  seated. 

12.  Suppose  that  a  dead- weight  safety  valve,  as  shown 

in  Fig.  2,  has  a  diameter  of  4  inches  and  an  external  load  or 

force,  consisting  of  the  valve  and  stem,  the  supporting  plate 

and  the  weights,  equal  to  815.8  pounds.     It  is  desired  to 

know  the  pressure  at  which  the  valve  will  open.     Since  the 

internal  and  external  forces  must  balance,  it  is  evident  that 

815.8  =  4^  X  .7854  X  steam  pressure,  in  poimds  per  square 

815  8 
inch.     Then,  — '—----  =  65  pounds  per  square  inch,  nearly, 

4'  X  .7854  ^ 

the  pressure  at  which  the  valve  is  about  to  open. 

13.  In  the  lever  safety  valve  shown  in  Fig.  1,  the 
external  load  depends  on  the  position  of  the  weight  W  on 
the  lever  L.  Here  the  same  general  law  holds  good;  the 
external  and  the  internal  forces  must  be  equal  before  the 
valve  is  about  to  open.  The  internal  force,  as  stated 
before,  is  the  area  of  the  valve  times  the  steam  pressure. 
The  downward  force  on  the  valve  may  be  found  as  follows: 
Suppose  that  a  weight  Py  Fig.  6,  weighing  100  pounds  is 


Q 


PlO.  6 


placed  directly  on  the  top  of  the  valve  stem  C\  evidently,  the 
downward  force  is  now  equal  to  the  weight  of  the  weight  P, 
Suppose,  now,  that  the  weight  is  removed  to  the  position 
shown  in  the  figure,  the  weight's  distance  d  from  the  fulcrum 
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being  six  times  greater  than  the  distance  a  from  the  ful- 
crum to  the  center  line  of  the  valve.  Evidently,  the  effect 
of  the  weight  on  the  valve  stem  will  now  be  six  times  greater; 
that  is,  the  downward  force  will  be  6  X  100  =  600  pounds. 
Hence,  to  find  the  downward  force,  divide  the  distance  d  by 
the  distance  a  and  multiply  the  quotient  by  the  weight  of  the 
weight  P, 

As  the  valve  and  stem  have  a  certain  weight,  the  external 
force  is  increased  an  amount  equal  to  that  of  the  weight  of 
the  valve  and  stem,  in  pounds.  Furthermore,  the  lever  has 
a  certain  weight,  and  this,  acting  at  the  center  of  gravity 
of  the  lever,  adds  a  certain  amount  to  the  downward  force. 
This  amount  is  equal  to  the  product  of  the  distance  from  the 
fulcrum  of  the  lever  to  its  center  of  gravity  and  the  weight 
of  the  lever,  divided  by  the  distance  from  the  fulcrum  to  the 
center  line  of  the  valve. 

The  distance  to  the  center  of  gravity  of  the  lever  may  be 
found  by  balancing  the  lever  on  a  knife  edge  and  measuring 
the  distance  from  the  centier  of  the  fulcrum  to  the  knife 
edge.  If  this  should  not  be  feasible,  the  center  of  gravity 
must  be  found  by  calculation.  In  engineers'  examinations, 
the  lever  is  usually  given  as  straight  and  parallel,  in  which 
case  the  distance  from  the  fulcrum  to  the  center  of  gravity 
of  the  lever  should  be  taken  as  equal  to  one-half  the  length 
of  the  lever. 

The  amount  of  the  downward  force  on  the  valve  due  to 
the  weight  of  the  lever  may  be  found  directly  by  attaching 
a  spring  balance  by  a  cord  to  the  lever  at  the  point  at  which 
it  acts  on  the  valve  stem.  The  spring  balance  will  indicate 
the  correct  downward  force,  in  pounds. 

Now,  to  have  the  valve  balance,  the  area  of  the  valve 
times  the  steam  pressure  (the  upward  force)  must  equal  the 
weight  times  the  distance  from  the  fulcrum  to  the  weight 
divided  by  the  distance  from  the  fulcrum  to  the  center  line 
of  the  valve;  to  this  downward  force  must  be  added  the 
additional  downward  force  due  to  the  weight  of  the  valve, 
stem,  and  lever,  the  sum  of  these  two  downward  forces  con- 
stituting the  external  force. 
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14.  How  to  find  the  pressure  per  square  inch  at  which 
a  safety  valve  is  about  to  blow  off,  may  best  be  explained 
by  the  following  example:  Suppose  that  a  safety  valve  has 
the  following  dimensions:  The  area  of  the  valve  is  12.566 
square  inches;  the  distance  from  the  fulcrum  to  the  center 
line  of  the  valve  is  4  inches;  the  weight  is  135.2  pounds;  the 
length  of  the  lever,  between  fulcrum  and  weight,  is  36  inches; 
the  weight  of  the  valve  and  stem,  9.2  pounds,  and  the  down- 
ward force  due  to  the  weight  of  the  lever,  as  found  by  one 
of  the  three  methods  previously  described,  150  pounds. 
From  what  has  been  explained,  it  should  be  clear  that  the 
valve  balances,  or  is  in  equilibrium,  if  the  steam  pressure  X 
12.566  =  135.2x36  4-4  +  9.2+150.  That  is,  the  steam 
pressure  X  12.566  =  1,376.  Then  the  steam  pressure  = 
1,376 


12.566 


=   109.5    pounds  per  square  inch. 


Let   A  =  area  of  valve,  in  square  inches; 

D  =  distance  from  center  line  of  valve  to  fulcrum, 

in  inches; 
L  =  distance  of  weight  from  fulcrum,  in  inches; 
P  =  steam  pressure,  in  pounds  per  square  inch; 
IV  =  weight,  in  pounds,  of  load  or  weight  on  lever; 
w  =  weight  of  valve  and  stem,  in  pounds,  plus  down- 
ward pressure  due  to  weight  of  lever. 

Rule. — To  find  the  Pressure  at  which  a  safety  valve  is  about 
to  blow  off,  multiply  the  weight  by  the  leiigth  of  the  lever  aiid 
divide  this  product  by  the  distance  from  the  fulcrian  to  the  center 
line  of  the  valve,  To  the  quotient,  add  the  doivynvard  pressure 
on  the  valve  due  to  the  iceight  of  the  valve,  stem,  and  lever,  and 
divide  the  stun  by  the  area  of  the  valve, 

WL   . 
Or,  />=    _^ 

A 

Example. — The  area  of  a  lever  safety  valve  is  11  square  inches:  the 
distance  from  the  center  line  of  valve  to  the  fulcrum,  4 J  inches;  the 
distance  of  the  weight,  which  weij^hs  12'>  jiounds,  from  the  fulcrum, 
Ji5  inches;  the  weight  of  valve  and  stem  plus  the  downward  pressure 
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due  to  the  weight  of  the  lever  equals  137  pounds.     Find  the  pressure 
per  square  inch  at  which  the  valve  is  about  to  open. 

Solution.— Applying  the  rule  just  given, 

1^^  + 137 

P  = '- — =-j =  100.84  lb.  per  sq.  in.    Ans. 

15.    To  explain  how  to  find  where  a  given  weight  must 

be  placed  on  the  lever  in  order  that  the  safety  valve  may  be 

about  to  blow  off  at  a  given  pressure,  consider  the  first  para- 

fi^raph  in  Art.  14.     In  the  case  cited,  the  pressure  was  found 

to  be  109.5  pounds  per  square  inch;  hence,  the  total  upward 

force  is  109.5  X  12.566  =  1,375.977,  say  1,376  pounds.     This 

force  is  partially  balanced  by  the  weight  of  the  valve  and 

stem,  and  the  downward  force  due  to  the  weight  of  the  lever. 

Consequently,  the  total  upward  force  =  1,376  —  (150  -f  9.2) 

=  1,216.8  pounds,  is  to  be  balanced  by  the  downward  force. 

As  the  downward  force  is  the  weight  times  the  length  of  the 

lever  divided  by  the  distance  from  the  fulcrum  to  the  center 

line  of  the  valve,  it  should  be  plain  that  the  valve  will  be  in 

...I.  •               •     -r  1  oi/>  o        135.2  X  the  length  of  lever 
equilibrmm  agam  if  1,216.8  =  —^ . 

4 
That  is,  1,216.8  =  33.8  X  the  length  of  lever,  since  135.2  4-  4 

=  33.8.      Hence,  the  lever  =  --^^^  =  36   inches.     Or,  if 

33.8 

1.216.8  =  135.2  X  length  oneyer  j  216.8  x  4  =  135.2  X  length 

4 

of  lever,  and  length  of  lever  =  — ^Vo*  ^^~  =  ^^  inches. 

135.2 

Rule. — To  find  the  distance  from  the  fulcrum  to  the  Point  at 
which  the  weight  must  act,  in  order  to  have  the  valve  blow  off  at 
a  given  pressure,  subtract  the  downward  force  due  to  the  weight 
of  the  valve,  stem,  and  lever  from  the  Product  of  the  area  and  the 
steam  pressure.  Multiply  the  remainder  by  the  distance  from 
the  fulcrum  to  the  center  line  of  the  valve  and  divide  this  product 
by  the  weight, 

Or.  ^=    ^ 
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Example. — At  what  distance  from  the  fulcrum  must  a  weight  of 
150  pounds  act  in  order  that  the  valve  may  be  about  to  blow  off  at 
100  pounds  per  square  inch  pressure;  the  diameter  of  the  valve  is  3} 
inches;  the  distance  from  the  fulcrum  to  the  center  line  of  the  valve  is 
4i  inches,  and  the  downward  force  due  to  the  weight  of  valve,  stem, 
and  lever  is  125  pounds? 

Solution.— Area  of  valve  =  (3})'  X  .7854  =  11.04  sq.  in.  Applying 
the  rule  just  given, 

^  ^  (11.04  X  100^  125)  X  4.^  ^  2,  3,  ,^      ^^^ 

16.  Suppose  it  is  desired  to  find  the  weight  that  must 
be  placed  on  a  lever  to  have  the  valve  blow  off  at  a  given 
pressure.  Using  the  example  given  in  Art.  15,  the  unbal- 
anced upward  force,  as  previously  found,  is  1,216.8  pounds. 

The  valve  then  will  balance  if  1,216.8  =  5^?LSJ^LX-??;  that  is, 

4 

if  1,216.8  X  4  =  weight  X  36;  whence,  the  weight 

=  L21|8X_4  ^1,216.8  ^  135  2  ^^^^^^ 

Rule. — To  find  the  weight  that  must  act  mi  a  lever  at  a  given 
distance  frofn  the  fulctum  so  that  the  valve  is  about  to  blow  off 
at  a  given  pressure ^  subtract  the  dotvmvard  force  due  to  the 
weight  of  the  valve y  stem,  and  lever  from  the  product  of  the  area 
and  the  stea?n  pressure.  Multiply  the  remainder  by  the  distance 
from  the  fulcrum  to  the  center  line  of  the  valve,  and  divide  this 
product  by  the  distance  from  the  fulcrum  at  which  the  weight  is 
to  act, 

(AP-w)D 


Or.  W  = 


L 


Example. — A  safety  valve  has  the  following  dimensions:  Area  of  the 
valve,  15.7  square  inches;  distance  of  weight  from  fulcrum,  48  inches; 
distance  from  fulcrum  to  center  line  of  the  valve,  5  inches;  the  down- 
ward force  due  to  the  weight  of  the  valve,  stem,  and  lever  is  182  pounds. 
Find  the  weight  to  blow  off  at  04  pounds  per  square  inch. 

Solution. — Applying  the  rule  just  given, 

...       (15.7  X  W  -  182)  X  5       _  _  ,,        . 
W  =  -^ — =  85./1  lb.     Ans. 

4o 

17.  Some  inspectors  of  the  United  States  Steamboat 
Inspection   Service   prefer   to   have    the    lever    safety-valve 
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problems  worked  out  by  rules  I,  II,  and  III,  which  follow. 
These  rules  will  give  exactly  the  same  results  as  the  cor- 
responding^ rules  given  in  Arts.  14,  15,  and  16.  Their 
derivations,  since  it  involves  a  knowledge  of  algebra,  is  not 
given.  Rules  I  and  II  are  colloquially  known  among  Ameri- 
can marine  engineers  as  **Roper's  rules.'*  When  a  candi- 
date for  marine  engineer's  license  knows  that  the  examining 
inspector  prefers  Roper's  rules,  the  candidate  is  advised  to 
use  them. 

In  the  formulas  following  the  rules. 

Let    A  =  area  of  valve,  in  square  inches; 

D  =  distance  from  center  line  of  valve  to  fulcrum, 

in  inches; 
L  =  distance  of  weight  from  fulcrum,  in  inches; 
P  =  steam  pressure,  in  pounds  per  square  inch; 
W  =  weight  of  load  or  weight  on  lever,  in  pounds; 
V  =  weight  of  valve  and  stem,  in  pounds; 
w  =  weight  of  lever,  in  pounds; 
/  =  distance  from  fulcrum  to  center  of  gravity  of 
lever,  in  inches. 
The  distance  from  the  fulcrum  to  the  weight  is  usually 
called  the  leng^th  of  the. lever,  but  on  account  of  confusing 
the  length  from  end  to  end  of  the  lever  with  this  term,  it  is 
not  used  here. 

Kule  I. — To  find  the  pressure  at  which  a  lever  safety  valve 
is  about  to  blow  off^  multiply  the  weight  of  the  weight  by  the 
distance  of  the  weight  from  the  fulcrum.  Multiply  the  weight 
of  the  lever  by  one- half  its  length,  if  the  lever  is  straight  and 
parallel,  or  by  the  distance  from  the  fulcrum  to  the  center  of 
gravity y  if  the  lever  is  tapered.  Multiply  the  weight  of  valve 
and  stem  by  the  distance  from  the  center  line  of  .the  valve  to  the 
fulcrum.  Add  these  three  products  together  and  divide  the  sum 
by  the  product  obtained  by  multiplying  the  area  of  the  valve  by 
the  distance  of  the  center  line  of  the  valve  from  the  fulcrum, 

^'  ^  -  ~AD 

169B-10 
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ExAMPLB  1. — At  what  pressure  will  a  safety  valve  having  a  diameter 
of  4  inches  blow  off,  when  the  weight  of  the  valve  and  stem  is  10 
pounds;  of  the  lever,  20  pounds;  and  of  the  ball,  120  pounds?  The 
total  length  of  the  lever,  which  is  straight,  is  44  inches;  the  weight  is 
40  inches  from  the  fulcrum,  and  the  distance  from  the  center  line  of 
the  valve  to  the  fulcrum  is  4  inches. 

Solution. — The  area  of  the  valve  =  4*  X  .7854.    As  the  lever  is 
straight,  its  distance  from  the  fulcrum  to  the  center  of  gravity  is  taken 
as  one-half  its  length,  or  V-    Applying  the  rule, 
_       120  X  40  -h  20  X  V  -no  X  4       ,^.  ,.     ^  .  ,         . 

= 4'  X  .7854  X4 "  ^®^  *^*       *  nearly.     Ans. 

Rule  II. — 71?  find  the  weight  necessary  to  put  an  a  safety- 
valve  lever ^  multiply  the  area  of  the  valve  by  the  steam  pressure 
and  multiply  this  prodiut  by  the  distance  between  the  center  line 
of  the  valve  and  the  fulcrum.  Multiply  the  weight  of  the  lever 
by  one-half  its  lengthy  if  straight  and  parallel  ^  or  by  the  distance 
between  the  center  of  gravity  aiid  the  fulcrum^  if  tapered. 
Multiply  the  weight  of  the  valve  and  stem  by  the  distance 
between  the  center  line  of  the  valve  and  the  fulcrum.  Add  the 
last  two  products  together  and  subtract  their  sum  from  the  first 
product.  Divide  the  remainder  by  the  distance  the  weight  is 
from  the  fulcrum. 

Or.  W  =  APD-(wlA,VD) 

Example  2. — With  a  safety  valve  having  the  dimensions  given  in 
example  1,  what  weight  is  necessary  to  have  the  valve  about  to  blow 
off  at  a  steam  pressure  of  100  pounds  per  square  inch? 

Solution.— Applying  rule  II, 

W  =  1-X.7854XJ00_X4-(20XV  +J0X1)  ^  ^^^^  j,      ^^ 

40 

Rule  III. — To  find  ui  what  distance  from  the  fulcrum  to 
place  the  weight  of  a  lever  safety  valve,  viultiply  the  area  of  the 
valve  by  the  steam  pressure y  and  multiply  this  product  by  the 
distance  betweeyi  the  center  line  of  the  valve  and  the  fulcrum. 
Multiply  the  weight  of  the  lever  by  one- ha  If  its  lengthy  if 
straight  and  parallel,  or  by  the  distance  of  its  center  of  gravity 
from  the  fulcrum ,  if  tapered.  Multiply  the  weight  of  valve  and 
stem  by  the  distance  beiiveen  the  center  liiie  of  the  valve  and  the 
fulcrum.     Add  the  last  two  products  together  and  subtract  their 
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sum  from  the  first  product.     Divide  the  remainder  by  the  weight 
of  the  weight. 

Or                       /  -  APD-  {wl-V  VD) 
ur.  /. ^ 

EzAMPLB  3. — A  safety  valve  has  an  area  of  11  square  inches;  the 
distance  from  the  center  line  of  the  valve  to  the  fulcrum  is  3  inches; 
the  steam  pressure,  40  pounds  per  square  inch;  the  weight  weighs 
50  pounds;  the  lever  Is  straight  and  parallel,  32  inches  long,  and 
weighs  15  pounds;  the  valve  and  stem  weigh  6  pounds.  How  far 
from  the  fulcrum  must  the  weight  be  placed? 

Solution.— Applying  rule  III, 

,        11X40X3--  (15  X  ¥  4-  6  X  3)       ^,  ^ .  .         . 
L  = ^ --    =  21.24  m.    Ans. 

18.  A  candidate  for  American  marine  engineer's  license 
should  thoroughly  familiarize  himself  with  the  calculations 
pertaining  to  a  lever  safety  valve,  as  a  candidate  for  a 
marine  engineer's  license  must  be  rejected  by  the  examining 
inspectors  if  he  fails  to  solve  safety-valve  problems  similar 
to  those  given  in  the  examples. 

19.  Springy  Safety  Valves. — The  question  often  arises, 
what  pressure  is  a  safety-valve  steel  spring  intended  for? 
When  made  with  13  complete  turns,  the  standard  prescribed, 
the  question  can  be  answered  by  an  application  of  the  rule 
of  the  Board  of  Trade,  Great  Britain,  governing  this  p;*oblem. 

Rale. — To  find  the  steam  pressure  for  which  a  spriiig  is 
intended^  cube  the  diameter^  in  inches^  of  the  wire^  if  rounds  or 
the  sid£  of  square,  if  square,  and  multiply  by  8,000  for  round 
wire  and  11,000  for  square  wire.  Divide  the  Product  by.  the 
product  of  the  diameter  of  the  spring,  in  inches,  measured  from 
center  to  center  of  the  wire,  and  the  area  of  the  safety  valve. 

Or,  P  =  -'^-^ 

DA 

where   P  =  steam  pressure,  in  pounds  per  square  inch; 

d  =  diameter,  or  side  of  square,  of  wire,  in  inches; 

c  =  8,000  for  round  wire  and  11,000  for  square  wire; 
D  =  diameter  of  spring  from  center  to  center  of  wire; 
A  =  area  of  safety  valve,  in  square  inches. 
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Example. — For  what  pressure  is  a  spring  made  of  square  wire 
measuring  i  inch  and  3  inches  in  diameter  intended,  if  the  valve  has 
an  area  of  6  square  inches? 

Solution. — Applying  the  rule  given, 

„       .5»  X  11,000       ,^  .      ,.  -A 

P  = „-—  ^     -  =  76.4—  lb.  per  sq.  m.    Ans. 

o  X  o 

Spring-loaded  and  pop  safety  valves  are  finally  adjusted 
under  pressure  by  comparison  with  an  accurate  st^m  gauge, 
increasing  or  diminishing  the  tension  of  the  spring  until  the 
valve  opens  at  the  desired  pressure.  The  rule  given  will 
show  about  what  pressure  the  spring  can  be  used  for. 


EXAMPLES    FOR    PRACTICE 

1.  A  dead- weight  safety  valve  having  an  area  of  12  square  inches 
is  to  be  on  the  point  of  blowing  off  at  75  pounds  per  square  inch 
pressure,  absolute;    find  the  weight.  Ans.  723.6  lb. 

2.  What  area  of  safety-vaWe  opening  is  required  for  a  water-tube 
boiler  carrying  steam  at  180  pounds  per  square  inch  pressure,  the 
grate  surface  being  48  square  feet?  Ans.  8  sq.  in. 

3.  At  what  pressure  will  a  safety  valve  of  the  following  dimensions 
blow  off:  Area  of  valve,  10  square  inches;  distance  from  the  valve  to 
the  fulcrum,  3  inches;  length  of  lever  (the  distance  from  the  fulcrum 
to  the  point  where  the  weight  acts),  30  inches;  weight  of  the  weight, 
83.1  pounds;  weight  of  valve  and  stem,  5  pounds;  weight  of  lever, 
12  pounds;  total  length  of  lever,  32  inches?  The  lever  is  straight  and 
parallel.  '  Ans.  90  lb.  per  sq.  in. 

4.  Suppose  all  the  quantities  to  remain  the  same  as  in  example  3, 
except  that  the  valve  is  to  blow  off  at  75  pounds  per  square  inch  pres- 
sure; at  what  distance  from  the  fulcrum  must  the  weight  be  placed? 

Ans.  24.58  in. 

5.  All  quantities  remaining  the  same  as  in  example  3,  except  that 
the  valve  is  to  blow  off  at  82  pounds  per  square  inch  pressure,  find 
the  weight  that  must  be  placed  on  the  lever.  Ans.  75.1  lb. 

6.  If  the  spring  of  a  pop-valve  is  made  of  wire  %  inch  in  diameter 
and  has  a  center-to-center  diameter  of  3i  inches,  what  pressure  is  it 
intended  for  if  used  with  a  valve  having  an  area  of  12  square  inches? 

Ans.  50  lb.  per  sq.  in.,  nearly 
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USE    AND    CARE    OF    SAFETY    VALVES 

20.  See  that  the  safety  valve  is  attached  directly  to  the 
boiler.  If  there  is  a  stop-valve  between  the  valve  and 
boiler,  have  it  removed  or  arranged  so  that  it  cannot  be 
shut  under  any  circumstances.  Take  care  that  the  valve 
does  not  become  corroded  and  stick  fast  to  its  seat.  It  is  a 
good  plan  to  frequently  lift  the  valve  from  the  seat  and  see 
whether  or  not  it  works  freely.  Do  not  overload  the  valve 
or  increase  the  tension  of  the  spring,  and  take  care  that  it  is 
not  done  by  others. 

In  practice,  the  position  of  the  weight  on  the  lever  is 
usually  found  by  trial  in  preference  to  finding  it  by  calcula- 
tion. Most  safety-valve  levers  are  notched  and  have  figures 
stamped  below  the  notch,  which  are  supposed  to  represent 
the  pressure  per  square  inch  at  which  the  valve  will  blow  off 
when  the  weight  rests  in  the  notch.  However,  since  it  may 
be  possible  that  the  notches  have  not  been  correctly  located, 
it  is  good  practice  to  check  the  graduation  by  an  actual  trial. 
To  do  so,  get  up  steam  on  the  boiler,  and  as  soon  as  the 
Steam  gauge  shows  the  blow-off  pressure,  shift  the  weight 
until  the  valve  just  commences  to  blow  off.  Then  fasten  or 
lock  the  weight,  if  possible,  so  that  it  may  not  be  shifted 
accidentally.  Before  adjusting  the  position  of  the  weight, 
make  sure  that  all  parts  of  the  valve  work  freely  and  that 
the  steam  gauge  is  correct. 

After  adjustment,  the  valve  should  occasionally  be  tested 
by  comparing  its  blowing-off  point  with  the  pressure  shown 
by  the  steam  gauge.  If  the  steam  gauge  indicates  a  higher 
pressure,  it  shows  one  of  two  things:  either  the  steam  gauge 
has  become  impaired  or  the  valve  is  out  of  order.  If  there 
is  reason  to  suspect  the  steam  gauge,  have  it  tested.  At 
any  rate,  however,  in  order  to  be  on  the  safe  side,  the 
steam  gauge  may  be  assumed  to  be  correct  and  the  valve 
examined  to  see  if  everything  works  freely.  If  found  so, 
and  the  weight  of  a  lever  safety  valve  is  still  at  the  same 
mark,  it  is  reasonable  to  conclude  that  the  gauge  is  out 
of  order. 
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It  is  common  practice  to  comiect  a  pipe  to  the  blow-off 
side  of  the  safety  valve  for  the  purpose  of  carrying  the 
steam  blown  off  out  of  the  fireroom.  Such  an  escape  pipe, 
while  harmless  enough  when  of  sufficient  area  and  kept  well 
drained,  may  become  a  source  of  danger  if  no  provision  is 
made  for  draining  it  constantly.  Instances  are  not  rare  when, 
owing  to  the  absence  of  a  drain  pipe,  the  escape  pipe  has 
become  filled  with  water,  thus  adding  greatly  to  the  external 
force  on  the  valve  and  rendering  it  inoperative  for  the  blow- 
off  pressure  for  which  it  was  set.  When  an  escape  pipe  is 
used,  it  should  not  be  of  smaller  diameter  than  the  valve, 
and  should  have  a  drain  pipe  of  ample  size  at  its  lowest  point. 
No  cock  or  valve  should  under  any  circumstances  be  placed 
in  this  drain  pipe.  

8TEAM  GAUGES  AND  WATER  GAUGES 


STEAM    GAUGES 

21.  Constraction. — The  steam  gauge  indicates  the 
pressure  of  the  steam  contained  in  the  boiler.  The  most 
common  form  is  the  Bourdon  pressure  gauge,  shown  in 
Fig.  7.  It  consists  of  a  tube  a,  of  elliptic  cross-section,  that 
is  filled  with  water  and  connected  at  d  with  a  pipe  leading  to 
the  boiler.  The  two  ends,  at  f,  are  closed  and  are  attached 
to  a  link  d,  which  is,  in  turn,  connected  with  a  rack  e.  This 
rack  gears  with  a  pinion  /  on  the  index  pointer  ^,  When  the 
water  contained  in  the  elliptic  tube  is  subjected  to  pressure, 
the  tube  tends  to  take  a  circular  form,  and  the  tube,  as  a  whole, 
straightens  out,  throwing  the  free  ends  out  a  distance  pro- 
portional to  the  pressure.  The  movement  of  the  free  ends 
is  transmitted  to  the  pointer  by  the  link,  rack,  and  pinion, 
and  the  pressure  is  thus  recorded  on  the  graduated  dial. 

Mercurial  ^au^es,  in  which  a  column  of  mercury  was 
forced  into  a  closed  glass  tube  by  the  steam  pressure  com- 
pressing the  air  above  the  mercury,  were  formerly  used,  but 
were  superseded  by  a  gauge  of  the  construction  shown  in 
Fig.  7,  and  which  is  called  a  metallic,  or  dial,  ^aug^e. 
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22.  Steam  gauges  are  placed  where  the^r  are  immediatelf 
within  sight  of  the  water  tender,  but  out  of  reach  of  rough 
usage.  The  steam  pipe  for  the  gauge  is  generally  connected 
to  the  top  of  the  boiler,  sometimes  to  the  steam  drum,  and, 
in  some  instances,  the  gauge  is  placed  on  top  of  a  so-called 
water  column.  A  siphon  should  be  placed  directly  under  the 
gauge.  This  siphon  is  formed  by  carrying  the  steam  pipe 
to  a  lower  level  than  the  gauge  and  then  bending  it  upwards, 
thus  forming  a  U  that  is  filled  with  water  to  prevent  the  heat 
of  the  steam  from  injuring  the  spring  and  the  other  mechan- 


Ism  of  the  gauge,  or  distorting  its  action  by  the  expansion 
of  its  parts.  A  small  drip  cock,  shown  at  d,  Fig.  8,  is  fitted 
to  the  lowest  point  of  the  siphon  and  serves  to  let  the  water 
out  of  the  leg  of  the  siphon  connected  with  the  boiler.  If 
no  cock  were  fitted,  the  water  accumulating  in  this  leg  by 
the  condensation  of  the  steam  would,  by  its  weight,  cause 
the  gauge  to  indicate  a  higher  pressure  than  that  due  to  the 
steam.  Care  should  be  taken  not  to  locate  the  steam-gauge 
pipe  near  the  main  steam  outlet  of  the  boiler,  since  this  may 
cause  the  gauge  to  indicate  a  lower  pressure  than  really  exists. 
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23.  Pressure  gauges  for  indicating  steam  pressure  are, 
in  English-speaking  countries,  invariably  graduated  to  indi- 
cate pressure  above  that  of  the  atmosphere,  in  pounds  per 

square  inch,  and  show  how  much  the  pres- 
sure has  been  increased  above  the  atmos- 
pheric pressure.  When  pressure  gauges 
are  used  for  indicating  the  pressure  in 
the  condenser,  they  are  called  vacuum 
gavigesy  and  are  invariably  graduated  to 
show,  in  inches  of  mercury,  how  much  the 
pressure  has  been  decreased  below  that  of 
the  atmosphere.  Then,  to  find  the  absolute 
pressure,  the  vacuum-gauge  reading  must 
be  subtracted  from  30,  and  the  pressure  will 
be  given  in  inches  of  mercury.  To  obtain 
the  absolute  pressure  in  pounds  per  square 
inch,  multiply  the  difference  between  30 
and  the  gauge  reading  by  .49.  Thus,  if 
the  vacuum  gauge  indicates  25  inches,  the 
absolute  pressure  in  the  condenser  is 
(30  —  25)  X  .49  =  2.45  pounds  per  square  inch.  The  direc- 
tions just  given  are  entirely  correct  for  normal  atmos- 
pheric conditions  at  sea  level.  Since  the  pressure  of  the 
atmosphere  is  not  constant,  but  varies  between  certain 
limits,  it  is  better,  if  accuracy  is  desired,  to  use  the  fol- 
lowing general  rule: 

Rule. — To  find  the  absolute  pressure  shown  by  a  vacuum 
gaugey  subtract  the  vacuum-gauge  reading  from  the  reading  of 
the  barometer  and  multiply  the  difference  by  .49. 

Example. — What  is  the  absolute  pressure  if  the  vacuum  gauge 
indicates  19  inches,  while  the  barometer  stands  at  29  inches? 

Solution. — Applying  the  rule  just  given, 

Ab.solute  pressure  =  (29  -  19)  X  .49  =  4.9  lb.     Ans. 

24.  Compouiid  steam  prau^es  are  occasionally  met 
with,  in  which  the  left-hand  part  of  the  dial  indicates  vacuum 
in  inches  of  mercury  and  the  right-hand  part  indicates  pounds 
per  square  inch  above  the  atmospheric  pressure.     They  are 
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usually  found  attached  to  the  receivers  of  multiple-expansion 
condensing  engines. 

25.  Use  and  Care  of  Steam  Gauges. — While  the 
engine  is  running,  it  will  often  be  noticed  that  the  pointer 
of  the  gauge  vibrates  so  much  that  the  pressure  cannot  be 
read.  This  can  be  prevented  by  partially  closing  the  cock  a, 
Fig.  8.  The  greatest  of  care  must  be  taken,  however,  to 
prevent  an  entire  closing  of  the  cock.  The  pointer  of  a 
steam  gauge  will  stick  occasionally;  hence,  experienced 
engineers  always  jar  the  gauge  a  little,  in  order  to  dislodge 
any  foreign  matter  that  may  be  preventing  movement  of  the 
pointer,  before  they  accept  its  indication  as  correct. 

Steam  gauges  will  lose  their  accuracy  after  they  have  been 
in  use  for  some  time,  owing  to  the  spring  losing  its  elasticity 
or  taking  a  permanent  set.  In  this  case,  the  gauge  will  indi- 
cate a  pressure  higher  than  the  actual  pressure  in  the  boiler. 
This  can  usually  be  discovered  by  the  pointer  failing  to 
return  to  the  zero  mark  when  there  is  no  pressure  in  the 
boiler.  If  the  pressure  apparently  indicated  when  there  is 
no  pressure  be  subtracted  from  the  pressure  indicated  when 
the  boiler  is  under  steam,  the  correct  pressure  will  be  given 
approximately.  However,  when  a  gauge  shows  a  wrong 
pressure,  a  new  one  should  be  immediately  substituted  and 
the  old  one  discarded  or  sent  to  the  maker  for  repair.  When 
inspecting  boilers,  the  boiler  inspector  usually  tests  all  steam 
gauges  on  board  by  comparison  with  an  accurate  test  gauge. 
The  gauge  to  be  tested  and  the  test  gauge  are  both  attached 
to  a  vessel  in  which  the  pressure  is  raised  by  means  of  a 
small  force  pump,  and  the  readings  of  the  two  gauges  are 
compared  at  different  pressures. 

As  previously  explained,  the  accuracy  of  the  safety  valve 
can  be  checked  by  means  of  the  steam  gauge  when  the  latter 
is  known  to  be  accurate.  Conversely,  when  the  safety  valve 
is  known  to  be  set  correctly,  the  steam  gauge  can  be  checked 
for  the  blow-off  pressure  by  watching  its  indication  when  the 
valve  just  blows  off.  If  a  steam  gauge  shows  an  error  of 
more  than  5  pounds,  it  will  be  condemned  by  most  boiler 
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inspectors.  Steam  gauges  should  be  taken  off  at  least  once 
a  month  and  the  connecting^  pipe  cleared  by  blowing;  steam 
through  it.  When  the  g:aug;e  is  off,  see  that  the  hole  in  the 
nipple  is  perfectly  clear. 

Good  practice  demands  that  one  steam  g:aug:e  should  be 
attached  to  each  boiler  when  more  than  one  boiler  is 
used.  On  some  vessels,  however,  it  is  not  uncommon  to  see 
one  steam  gauge  do  duty  for  a  whole  battery  of  boilers. 
This  is  permissible  where  several  boilers  are  set  in  a  battery, 
that  is,  have  a  common  furnace  and  are  connected  by  drums 
at  the  top  and  bottom.  An  arrangement  of  this  kind  is 
never  found  in  sea-going  vessels,  but  is  common  in  vessels 
navigating  the  western  rivers  of  the  United  States  of  America 
and  many  South  American  rivers. 

With  some  kinds  of  water,  the  spring  of  the  steam  gauge 
will  corrode.  Under  no  circumstances  attempt  to  fix  a 
corroded  spring  by  soldering  up  the  hole  or  holes.  Instead 
of  this,  send  the  gauge  to  the  maker  to  have  a  new  spring 
fitted  and  adjusted.  When  replacing  the  gauge  after  taking 
it  off,  make  sure  that  the  valve  in  the  steam-gauge  pipe  is 
opened  before  going  further,  and  then  make  sure  that  the 
gauge  is  operative.  It  has  happened  in  numerous  instances, 
in  putting  up  the  piping  with  unions,  that  the  gasket  placed 
between  the  two  parts  of  the  union  has  been  so  large  that  in 
tightening  the  nut  it  has  been  squeezed  out  so  as  to  com- 
pletely stop  the  hole  in  the  pipe,  thus  preventing  the  gauge 
from  showing  the  pressure. 


WATER    GAUGES 

26.  Gauge-Coeks. — A  special  form  of  valve  or  cock 
attached  to  the  boiler  for  the  purpose  of  testing  the  level  of 
the  water  is  known  as  a  gau^e-cock.  The  cocks,  usually 
three  in  number,  are  placed  either  on  the  head  or  shell  or 
they  are  attached  to  the  water  column.  Three  gauge- 
cocks  a,  byC  are  shown  in  Fig.  9,  screwed  into  the  front  head 
of  a  Scotch  boiler.  The  middle  gauge-cock  b  is  at  the 
proper  water  level,  generally  about  8  or  9  inches  above  the 
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top  of  the  combustion  chamber.  The  lower  eauge-cock  c  is 
about  5  inches  below  the  middle  cock,  and  the  top  gauge- 
cock  a  is  5  inches  above  it.  Should  the  top  g^aug^e-cock  be 
opened  while  the  boiler  is  steaming,  steam  will  issue  from 
it.  On  opening^  the  middle  g^aus:e-cock,  a  mixture  of  water 
and  steam  will  issue,  and  solid  water  will  come  out  of  the 
lowest  cock.  When  gaug:e-cocks  are  fitted  in  the  position 
shown  in  the  figure,  a  drip  pan  D  is  fitted  below  the  cocks  to 
prevent  the  water  from  the  cocks  coming  in  contact  with  the 
head  of  the  boiler  and  corroding  and  soiling  it.  The  nozzles 
of  the  cocks  are  pointed  in  such  a  direction  that  the  jet  of 
steam  or  water  issuing  from  one  cock  cannot  strike  the  one 
below  it  and  scald  the  attendant.  Gauge-cocks  are  often 
placed  on  a  separate  fitting,  consisting  of  a  tube  with  its 
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ends  connecting  with  the  steam  and  water  spaces  of  the 
boiler,  sufficiently  below  and  above  the  water  level  to  be  out 
of  reach  of  the  violent  ebullition  going  on  at  the  surface  of 
the  water.  If  the  cocks  are  connected  directly  to  the  head 
or  the  side  of  the  boiler,  this  violent  ebullition  may  cause 
the  gauge-cocks  to  indicate  a  wrong  water  level. 

27.  Gauge-cocks  are  made  in  a  great  variety  of  forms, 
and  it  is  largely  a  matter  of  choice  which  to  adopt.  Those 
cocks  shown  at  a,b,c.  Fig.  9,  belong  to  a  type  that  is  used 
extensively.  It  consists  of  a  threaded  spindle  or  stem  having 
a  small  conical  disk  valve  on  its  inside  end,  which  fits  a 
seat  inside  the  cock  body,  and  has  a  crank-shaped  handle 
on  its  outside  end.     The  cock  is  opened  by  revolving  the 
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crank-shaped  handle  about  a  quarter  of  a  turn.  This  cock  is 
suitable  for  boilers  of  large  diameters  on  which  the  cocks  are 
placed  too  high  to  'be  conveniently  reached  by  hand  from  the 
fireroom  floor.  When  they  are  so  placed,  they  are  usually 
^nn^  operated  by  a  rod  having  a 
■  1  hand  grip  at  one  end  and 
BIBM^^''^^^^'^w'''M  -A  ^^  ^^^  niade  to  fit  over  the 
IIII^B|H]^MA|mjjJ|||B  handle  of  the  cock  at  the 
^^^I^^^^^^^W^^^^^H     other 

■T  ^^H         Another  form  of  gauge- 

**  cock  is   shown  in   Fig.  10. 

It  consists  of  the  body  a, 
the  stem  6,  to  which  the  valve  is  attached,  and  the  nozzle  c. 
This  cock  is  similar  in  construction  to  the  one  just  described, 
with  the  exception  that  instead  of  having  a  crank-shaped 
handle,  it  has  a  disk  of  hardwood  for  turning  the  valve. 
The  wood,  being  a  non-conductor  of  heat,  prevents  the 
hand  from  being  burned.  This  cock  is  suitable  for  small 
boilers  only,  on  which  the  cocks  can  be  reached  by  the 
hand  of  the  operator. 

A  form  of  gauge-cock  that  has  come  into  extensive  use  is 
shown  in  Fig,  11.  It  is  known  to  the 
trade  as  the  register  paltern  gauge- 
cock  and  consists  of  the  body  a  and 
a  nozzle,  which  consitutes  the  valve 
seat.  The  weighted  handle  A,  called 
the  ball,  is  secured  to  the  body  of 
the  cock  by  the  pivot  c.  A  strip  of 
sheet  rubber  d  is  inserted  in  a  slot 
in  the  base  of  the  handle,  which 
makes  a  water-tight  joint  on  the 
nozzle  when  the  cock  is  closed.  ' 
The  cock  is  kept  closed  by  the 
weight  of  the  ball.  To  ()pen  the 
cock,  it  is  only  necessary  to  lift  the  ball,  and  it  will  close 
itself  when  the  ball  is  released.  When  the  vessel  gives  a 
sudden  lurch,  this  cock  is  liable  to  spring  open  for  an  instant 
and  blow  out  some  hot  waler  on  the  heads  of  the  boiler 
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attendants;  this  is  a  serious  disadvantage,  but  not  serious 
enous^h  to  warrant  the  exclusion  of  this  kind  of  cock  from 
marine  work. 

Still  another  gauge-cock  is  illustrated  in  Fig.  12.     It  is 
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known  as  the  Mississippi  ^auge-cock  and  consist-  ^i  the 

body  a  and  the  rod  or  spindle  d.     This  rod  has  the  valve  c 

on  one  end  and  the  push  handle  d  on  the  other  end.     The 

valve  fits  into  a  seat  at  the  end  of  the  cock  body.     The  steam 

or  water  flows  out  through  the  orifice  e  into 

the  atmosphere  when  the  gauge  is  opened. 

This  is  done  by  pushing  against  the  handle 

with   the    hand,    and   on    the    handle   being 

released,  the  pressure  of  the  steam  or  water 

on  the  back  of  the  valve  closes  it  and  keeps 

it  closed  until  opened  again. 

The  above-described  cocks  are  either 
screwed  directly  into  the  head  of  the  boiler 
or  else  into  a  separate  fitting. 


28.  Glass  Water  Gau^e. — A  glass  tube 
whose  lower  end  communicates  with  the 
water  space  of  the  boiler  and  whose  upper 
end  is  in  communication  with  the  steam 
space,  is  known  as  a  glass  water  gauge. 
If  in  good  order,  the  level  of  the  water  in 
the  gauge  will  be  the  same  as  in  the  boiler. 
Boilers,  in  good  practice,  are  provided  with 
both  cocks  and  gauges.  Fig.  18  shows  a 
common  form  of  gauge-glass  connection.  The  lower  fitting 
connects  with  the  water  space,  and  the  upper  fitting  with 
the  steam  space,  of  the  boiler.  A  drip  cock  is  placed  at  the 
lower  end  of  the  glass  for  the  purpose  of  draining  it.     The 
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fittioes  may  be  screwed  directly  into  the  boiler  head.  The 
gauge  should  be  so  located  that  the  water  will  show  in 
the  middle  of  the  gauge  glass  when  at  its  proper  level  in  the 
boiler.  The  fittings  are  provided  with  valves  for  the  pur- 
pose of  shutting  off  the  gauge  from  the  boiler  when  a  glass 
tube  breaks  and  it  becomes  necessary  to  put  in  a  new  one. 
The  valves  are  also  used  for  blowing 
out  and  testing  the  working  of  the  gauge. 

29.  It  frequently  happens  that  the 
glass  tubes  of  water  gauges  are  broken. 
This  is  usually  the  result  of  improper 
fitting  of  the  tube;  thus,  the  tube  may 
be  too  long,  so  that  when  expanded  by 
the  heat  it  will  be  crushed  between  the 
fittings.  Being  improperly  packed  is 
also  a  fruitful  source  of  the  breakage  of 
glass  tubes.  They  may  be  packed  too 
tightly  or  not  properly  centered  at  the 
ends.  When  the  glass  tube  of  a  water 
gauge  breaks,  a  considerable  amount  of 
steam  and  hot  water  is  blown  from  it 
and  the  water  showered  about  the  fire- 
room.  To  obviate  this  in  a  measure,  the 
quick-closing  water  gauge,  illustrated  in 
Fig.  14,  was  introduced.  The  two  valves 
are  provided  with  yokes  that  are  con- 
nected together  by  chains,  the  bights  of 
which  hang  down  into  the  fireroom.  One 
pull  on  the  chain  will  close  both  valves. 
This  may  be  done  very  quickly,  but  even 
then  a  man  may  be  severely  scalded 
before  he  can  pull  the  chain. 

30.  To  overcome  the  difficulty  referred  to  in  Art.  29, 
self-closing  glass  water  gauges  were  designed,  one  form  of 
which  is  illustrated  in  Fig.  15.  The  principal  feature  is  the 
two  balls  in  the  steam  and  water  passages,  as  shown  in  the 
sectional  portion  of  the  figure.     These  balls  are  enclosed  in 
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conical  chambers  provided  for  them  in  the  apper  and  lower 
connections  of  the  gauge  to  the  boiler.  Under  normal  con- 
ditions, the  balls  lie  passively  in  the  large  ends  of  the  cham- 
bers, there  being  sufficient  space  between  the  balls  and  the 
walls  of  the  chambers  for  the  steam  and  water  to  flow  to  the 
elass  tnbe  unobstructed  and  without  creating  enough  current 
to  move  the  balls.  But,  should  the  glass  tube  break,  there 
will  be  a  sudden  rush  of  steam  or  water  through  the  passages, 
which  will  force  the  balls  into  the  smalt  ends  of  the  chambers 
and  close  the  openings  communicating  with  the  glass  tube. 
After  the  balls  close  the  openings, 
the  pressure  of  steam  and  water 
behind  them  would  hold  them  in 
these  positions  until  the  pressure  in 
the  boiler  was  blown  oS  if  some 
means  were  not  provided  to  force 
them  away  from  the  openings  after 
they  have  served  their  purpose. 
This  is  accomplished  by  having  a 
small  projection,  or  teat,  on  the  under 
side  of  the  valve,  which  pushes  the 
ball  from  the  opening  when  the  valve 
is  screwed  shut;  the  ball  will  then 
roll,  by  gravity,  to  the  large  end  of 
the  conical  chamber,  where  it  will 
remain  until  it  is  required  for  ser- 
vice again  by  the  breaking  of  another 
glass  tube.  The  balls  are  prevented 
from  rolling  back  into  the  boiler  by  wire  pins  driven  across 
the  passages  behind  the  balls.  To  preserve  the  self-closing 
feature  of  this  gauge,  the  valves  should  be  screwed  back  as 
far  as  they  will  go  while  the  steam  pressure  is  on,  so  as  to 
allow  the  balls  to  act  promptly  when  occasion  requires. 


31.  A  glass  water-gauge  tube  may  be  cut  to  the  proper 
length  by  the  small  tool  illustrated  in  Fig.  16,  and  called  a 
Klaf>8-tnt>e  cutter.  It  consists  of  the  metal  rod  a  having 
the  thumb  and  finger  handle  b  at  one  end  and  the  revolving 
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disk  or  wheel  c  at  the  other  end.  The  wheel  is  made  of 
hardened  tool  steel  and  is  provided  with  a  knife  edge.  The 
guide  d  regulates  the  amount  of  the  tube  to  be  cut  off  and 
is  held  by  the  thumbscrew  e.  The  proper  length  of  the  tube 
is  found  by  measuring  the  distance  between  the  fittings, 
allowing  a  small  margin  for  expansion.  The  guide  is  then 
slid  to  the  proper  position  to  cut  the  tube  the  required  length, 
and  is  secured  there  by  the  thumbscrew.  The  tool  is  now 
inserted  into  the  tube  with  the  cutting  edge  of  the  wheel 
against  the  inside  surface  of  the  tube  and  turned  around  by 
the  thumb  and  fingers.  By  so  doing,  the  wheel  will  score  the 
inside  of  the  tube,  after  which  the  tool  is  removed  from 
the  tube  and  the  edge  of  the  part  of  the  tube  to  be  detached 
is  inserted  into  the  slot  /;  then,  by  a  sharp  downward  move- 
ment of  the  handle  end  of  the  tool,  the  tube  will  be  broken 
off  squarely  where  scored.     If  a  cutting  tool  is  not  at  hand, 
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a  glass  tube  may  be  cut  by  filing  a  groove  around  it  with  a 
sharp-edged  file  and  then  tapping  it  sharply  with  the  file.  A 
little  turpentine  applied  to  the  file  will  facilitate  the  filing 
operation.  Another  way  to  cut  a  glass  tube  is  to  tie  a  turn 
or  two  of  lamp  wicking  or  soft  string,  saturated  with  turpen- 
tine or  other  inflammable  liquid,  around  the  tube  at  the  place 
where  it  is  desired  to  cut  it,  and  set  the  wicking  or  string  on 
fire;  then,  while  it  is  hoi,  strike  the  end  of  the  tube  a  quick, 
sharp  blow  with  a  piece  of  metal,  when  the  tube  will  gener- 
ally break  at  the  place  where  it  was  heated  by  the  burning 
string. 

32,  Water  CoUiiniis. — Gauge-cocks  and  glass  water 
gauges  connected  directly  to  the  boiler  head  are  open  to  the 
objection  that  the  violent  ebullition  at  the  surface  of  the 
water  will  cause  them  to  indicate  a  wrong  water  level.  To 
overcome  this  objection,  they  are  frequently  placed  on  a 
separate  fitting  known  as  a  water  column,  which  consists 
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of  a  large  tube  with  its  ends  connected  to  the  steam  and 
water  spaces  of  the  boiler  far  enough  above  and  below  the 
water  level  to  be  out  of  reach  of  the  violent  ebullition  of  the 
surface  of  the  water. 

A  water  column  is  shown  in  Fig.  17.  The  top  and  bottom 
ends  of  the  column  A,  which 
is  simply  a  cast-iron  tube,  are 
connected  to  the  steam  and 
water  spaces  of  the  boiler  by 
the  pipes  B  and  C,  respectively. 
The  gauge-cocks  a,  a,  a  and  the 
steam  gauge  5  are  fitted  to  this 
column.  It  will  be  noticed  that 
a  coil  siphon  is  used  below  the 
steam  gauge.  No  drip  cock 
needs  to  be  fitted  to  this  kind 
of  siphon,  as  no  water  can 
collect  and  disturb  the  indica- 
tion of  the  gauge.  The  con- 
struction of  the  glass  water 
gauge  is  as  follows:  Two  fit- 
tings by  b,  which  are  provided 
with  cocks  Cy  ey  are  screwed 
into  the  water  column.  These 
fittings  connect  with  the  top 
and  bottom  of  a  glass  tube  / 
open  at  both  ends.  Each  fit- 
ting is  provided  with  a  stuff- 
ingbox  d  to  make  a  steam-  and 
water-tight  joint  between  the 
fitting  and  the  glass  tube.  To 
the  lower  fitting,  a  drain  cock^, 
provided  with  a  waste  pipe,  is 
attached;  this  cock  is  used  to  empty  the  glass  tube.  The 
water  column  is  attached  to  the  boiler  at  such  a  height  that 
the  water,  when  at  its  proper  level,  will  show  in  the  middle 
of  the  glass  tube.  It  will  be  seen  that  the  water  level  in  this 
case   is  self-indicating,   and    always  in  plain    sight   of   the 
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attendant.  The  communications  of  the  tube  with  the  steam 
and  water  may  be  shut  off  by  means  of  the  cocks  e,eia  case 
the  tube  breaks. 

Another  form  of  water  column  is  illustrated  in  Fig.  18. 
This  column  is  more  extensively  used  tn  America  than  the 
one  just  described.  The  principles  governing  both,  however, 
are  the  same,  the  difference  being  only  in  the  details.  The 
body  of  the  column  is  shown  at  a,  the  upper  and  lower  glass- 
gauge  fittings  at  d,b,  the  gauge-cocks  at  c,c,c,  and  the  drip 
pipe,  containing  a  valve,  at  d.  It 
will  be  observed  that  screw  plugs 
are  fitted  opposite  the  ends  of  the 
pipes  connecting  the  column  with 
the  boiler,  for  the  purpose  of  clean- 
ing out  those  pipes  with  a  wire 
should  they  become  choked.  There 
is  also  a  drip  cock  placed  below  the 
glass  tube. 


33.  irse  and  Care  ot  Glass 
Water  Gauges  and  Water  Col- 
umns.— Too  much  reliance  must 
not  be  placed  on  the  gauge  glass. 
If  the  water  is  muddy  or  contains 
soda,  it  is  liable  to  foam,  and  the 
glass  cannot  give  the  true  water 
level.  Again,  the  connections  be- 
tween the  glass  and  boiler  may 
become  so  filled  with  incrustation 
*"°"  that  scarcely  any  water  can  enter 

the  gauge.  To  prevent  this,  the  glass  should  be  blown  out 
frequently.  The  water  gauge  and  water  column  should  be 
tested  at  least  once  each  watch;  i.  e.,  every  4  hours.  When 
the  water  gauge  is  attached  directly  lo  the  head,  open  the 
drain  cock  to  blow  out  the  glass.  Observe  if  the  water 
returns  immediately  to  its  former  level  when  the  drain  cock 
is  closed.  If  it  fails  to  do  so,  this  indicates  that  the  lower 
fitting  is  choked  with  sediment  or  scale.     Should  the  water 
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fail  to  leave  the  glass,  or  leave  it  very  slowly,  it  indicates  that 
the  upper  fitting  is  choked.  When  this  test  shows  the  gauge 
to  be  out  of  order,  it  should  be  repaired  at  the  first  possible 
opportunity,  running  in  the  meantime  by  the  gauge-cocks. 
To  remove  all  temptation  to  look  at  the  glass,  cover  it  with 
any  material  handy.  While  this  may  seem  an  unnecessary 
precaution,  it  may  be  the  means  of  preventing  an  explosion. 

34.  When  water  columns  are  used,  they  usually  have  a 
valve  in  each  connecting  pipe.  To  test  both  the  gauge  and 
the  column  connecting  pipes  at  the  same  time,  double  shut  off 
one  connection  and  see  if  the  proper  fluid  comes  through 
both  drain  cocks.  That  is,  to  test  the  water  connection,  shut 
the  upper  valve  of  the  gauge  glass  and  the  valve  in  the  steam 
connection.  Then  open,  successively,  the  drain  cocks  of  the 
glass  water  gauge  and  water  column.  If  water  issues  in  a 
constant  stream  from  both,  the  water  connection  is  clear. 
Now  open  the  upper  valve  of  the  gauge  glass  and  the  valve 
in  the  steam  connection  and  close  the  lower  gauge-glass 
valve  and  the  valve  in  the  water  connection.  If  steam  flows 
freely  from  both  the  gauge-glass  and  the  water-column  drain 
cocks,  the  steam  passages  and  the  column  itself  are  clear. 
Close  the  drain  cocks  again  and  open  all  valves. 

This  method  of  testing  is  commonly  expressed  in  a  some- 
what ungrammatical  form  as  follows:  Double  shut  off  what 
you  get^  and  see  if  you  get  the  other, 

36.  When  the  gauge-cocks  and  glass  water  gauge  are 
attached  to  a  water  column,  a  test  of  the  glass  water  gauge 
may  show  it  to  be  unreliable.  Then,  in  order  to  run  by  the 
gauge-cocks,  it  is  first  necessary  to  test  and  prove  that  the 
water  column  is  in  good  order.  To  test  the  water  column, 
shut  off  the  glass  water  gauge  on  top  and  bottom;  then  shut 
the  valve  in  the  steam  connection  and  open  the  water-column 
drain,  from  which  water  should  flow  in  a  full  stream,  the 
valves  in  the  water  connection  being  open.  Now  close  the 
valve  in  the  water  connection  and  open  the  valve  in  the  steam 
connection,  when  steam  should  issue  freely  from  the  water- 
column  drain. 
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36.  When  the  water  cohimn  has  no  valves  in  its  steam 
and  water  connections,  it  cannot  be  properly  tested.  Open- 
ing the  drain  cock  of  the  column  will  merely  prove  the  water 
connection  to  be  clear,  by  water  issuing  in  a  solid  stream,  but 
will  not  prove  either  the  steam  connection  or  the  column  to 
be  clear.  Hence,  it  is  advisable  to  have  valves  in  the  steam 
and  water  connections  of  the  column.  If  these  valves  are  not 
fitted,  the  glass  water  gauge  should  be  tested  as  though  it  were 
directly  attached  to  the  boiler;  if  the  gauge  does  not  prove 
right,  it  is  best  to  assume  that  both  the  water  column  and  the 
glass  water  gauge  are  out  of  order,  and  to  shut  down  until  they 
can  be  repaired,  unless  gauge-cocks  are  fitted  separately  to 
the  boiler,  by  which  to  run  until  repairs  can  be  effected. 

37.  The  practice  of  testing  the  water  column  only  cannot 
be  too  severely  condemned,  because  the  testing  of  the  column 
does  not  prove  the  glass  water  gauge  to  be  correct.  When 
possible,  test  the  glass  water  gauge  and  the  column  sepa- 
rately and  prove  both  to  be  correct.  To  prevent  the  water 
column  from  choking  up,  drain  it  frequently,  and  do  the  same 
with  the  glass  water  gauge.  Always  supplement  the  draining 
by  the  test  given.  The  water  gauges  are  the  most  important 
accessories  to  a  steam  boiler,  and  too  much  care  cannot  be 
bestowed  on  having  them  absolutely  reliable. 

38.  The  pipes  for  the  water  column  should  run  as 
straight  as  possible  and  connect  directly  to  the  boiler. 
Under  no  circumstances  whatsover  should  these  connecting 
pipes  be  used  for  any  other  purpose  or  have  any  other  pipe 
connection.  When  observing  the  water  gauge  while  the 
boiler  is  under  steam,  note  particularly  whether  the  water 
showing  in  the  glass  is  stationary  or  not.  If  the  water  level 
does  not  fluctuate,  or  pulsate  up  and  down,  as  it  were,  it  is 
an  infallible  sign  that  the  glass  water  gauge  or  the  water 
column  is  out  of  order.  Immediately  test  the  glass  water 
gauge  and  water  column,  and  if  draining  fails  to  clear  them, 
shut  down  the  boiler  until  they  can  be  cleared,  unless  the 
boiler  has  gauge-cocks  directly  attached  by  which  to  run 
until  repairs  can  be  made. 
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39.  Float  Water  Uauire. — The  feedwater  used  in  the 
boilers  of  vessels  navigating  the  western  and  southern 
rivers  of  the  United  States  of  America  is  usually  quite 
muddy,  and  as  the  hoilers  are  forced  considerably,  a  good 
deal  of  foaming  is  produced.  The  ordinary  glass  water 
gauge  and  gauge-cocks  will  not  show  the  true  water  level 
when  the  boiler  is  foaming,  and  as  this  is  taking  place  more 
or  less  all  the  time  with  the  bad  feedwater  used  and  the  high 
rate  of  evaporation,  it  is  very  desirable  to  have  a  water-level 
indicator  that  will  not  be  affected  by  foaming.  Hence,  the 
noat  n'ater  ^luge  has  been  designed,  and  is,  in  variously 
modified  forms,   in   common   use   on    (he    boilers  of   river 


steamers,  taking  the  place  of  the  glass  water  gauge.  Fig.  19 
is  an  illustration  of  such  a  gauge;  a  is  a  hollow  copper 
sphere,  or  float,  fastened  to  one  end  of  the  lever  b,  which 
is  rigidly  fastened  to  a  spindle  free  to  turn  in  the  dial  stem  c. 
This  stem  carries  a  large  dial  rf,  graduated  as  shown.  A 
pointer  is  fastened  to  the  spindle,  and  moving  in  front  of 
the  dial,  indicates  on  it  the  height  of  the  water  in  the  boiler. 
Now,  as  the  float  cannot  float  on  foam,  this  gauge  will  not 
be  affected  by  foaming,  but  will  always  indicate  the  true 
water  level,  provided  that  the  spindle  moves  freely.  To 
make  a  steam-tight  joint  between  the  spindle  and  boiler,  a 
stufllngbox  and  gland  is  employed,  and  great  care  must  be 
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taken,  in  packing  it,  not  to  pack  it  too  tiebt.  The  float  must 
be  free  to  move  witb  any  variation  of  the  water  level;  if  the 
spindle  is  packed  too  tigbt,  it  may  stick  and  indicate  plenty  of 
water  in  the  boiler  when  the  water  really  is  dangerously  low. 

40.  FuBlble  Plugs. — A  safety  device  having  a  part  that 
fuses  at  a  low  temperature,  and  is  known  as  a  tuetble  pliifr> 
is  attached  to  most  marine  boilers.  The  purpose  of  a  fusible 
plug  is  to  give  warning  in  case  the  water  in  a  boiler  should 
become  low.  The  plug  consists  of  a  bronze  casing,  as 
shown  in  Fig.  20,  hollowed  out,  tapering,  and  threaded  on  the 
outside  to  screw  into  the  boiler  plate  or  tube.  The  hollowed- 
out  portion  of  the  plug  must  be  filled  with  Banca  tin,  which 
melts  at  a  temperature  of  about  443°  P.  As  long  as  the 
plug  is  well  covered  with  water,  the  fusible  metal  is  kept 
from  melting  by  the  comparative  coolness  of  the  water;  but 
should  the  water  sink  low  enough  to  uncover 
the  top  of  the  plug,  the  filling  quickly  melts 
and  allows  the  steam  to  rush  out,  thus  giving 
warning  of  the  shortness  of  water.  The  plug 
shown  has  a  conical  filling,  the  larger  end  of 
Fio  JO  the  filling  receiving  the  steam  pressure.  The 
conical  form  of  the  tilling  prevents  its  being  blown  out  by 
the  steam  pressure. 

The  rules  and  regulations  of  the  United  States  Board  of 
Supervising  Inspectors  of  Steam  Vessels  require  that  atl 
steamers  plying  on  United  States  waters  or  sailing  from 
United  States  ports  shall  have  inserted  in  their  boilers  plugs 
of  Banca  tin  at  least  i  inch  in  diameter  at  the  smallest  end 
of  the  internal  opening,  in  the  following  manner:  Cylindrical 
boilers  with  flues  shall  have  one  plug  inserted  in  one  flue  of 
each  boiler;  and  also  one  plug  inserted  in  the  shell  of  each 
boiler  from  the  inside  immediately  below  the  fire-line,  and 
not  less  than  4  feet  from  the  forward  end  of  the  boiler.  All 
firebox  boilers  shall  have  one  plug  inserted  in  the  crown  of 
the  back  connection  or  in  the  highest  fire-service  of  the  boiler. 
All  upright  tubular  boilers  used  for  marine  purposes  shall 
have  a  fusible  plug  inserted  in  one  of  the  tubes  at  a  point 
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at  least  2  inches  below  the  lower  gaugfe-cock»  and  said  plug: 
may  be  placed  in  the  upper  head-sheet  when  deemed  advisable 
by  the  local  inspectors.  The  bronze  casing  of  all  fusible 
pluses,  unless  otherwise  provided,  shall  have  an  external 
diameter  of  not  less  than  that  of  a  |-inch  gas-  or  steam-pipe 
screw  tap;  except,  when  such  plugs  shall  be  used  in  the  tubes 
of  upright  boilers,  plugs  may  be  used  with  an  external  diam- 
eter of  not  less  than  that  of  a  |-inch  gas-  or  steam-pipe  screw 
tap,  and  having  the  smallest  end  of  the  opening  in  the  plug 
at  least  i  inch  in  diameter. 

41.  As  with  other  safety  devices,  dependence  can  only 
be  placed  on  a  fusible  plug  when  it  is  given  intelligent  and 
reasonable  care.  It  should  be  removed  frequently  and 
examined  to  see  that  the  filling  is  not  covered  by  hard  scale. 
Instances  are  not  rare  when  the  filling  has  melted  out  and 
the  steam  been  prevented  from  issuing  by  a  heavy  covering 
of  scale.  The  filling  should  be  renewed  at  least  once  a  year. 
Before  screwing  the  plug  home,  smear  a  liberal  supply  of 
plumbago  (graphite)  on  the  threads;  this  will  allow  the  plug 
to  be  easily  removed.  Do  not  use  any  oil;  this  will  become 
carburized,  owing  to  the  high  temperature,  and  will  make  it 
quite  difficult  to  remove  the  plug. 

For  the  filling  of  fusible  plugs  for  American  marine  boilers, 
pure  Banca  tin  must  be  used.  This  can  be  procured  almost 
anywhere,  although,  in  general,  it  is  cheaper  to  keep  a  small 
supply  of  plugs  on  hand,  and  simply  replace  the  plug  with  a 
new  one,  instead  of  refilling  it. 

When  taking  charge  of  an  old  boiler,  it  is  well  to  examine 
the  fusible  plug  to  see  if  it  really  is  what  it  is  supposed  to  be. 
Instances  are  not  rare  when  ignorant  persons  have  either 
replaced  the  fusible  plug  by  a  solid  gas  plug  or  stopped  up 
the  hole  in  the  plug  by  driving  wood  or  iron  into  it  after  the 
filling  had  melted  out. 
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BLOW-OFF  APPARATUS 


BOTTOM    BIA)W-OFF 

42.  In  order  that  a  boiler  may  be  emptied  either  partially 
or  entirely,  a  cock  called  the  bottom  blo\r-ott  cock  is 
attached  by  a  short  pipe  to  the  lowest  point  of  the  boiler 
and  is  connected  with  a  waste  pipe  discharging  overboard. 
Fig.  21  shows  the  manner  in  which  this  cock  is  often  con- 
structed. The  shell  A  of  the  cock  is 
provided  with  two  rectangular  pas- 
sages B,  B' ,  and  has  fitted  to  it  a 
taper  plug  P,  pierced  by  the  trape- 
zoidal hole  b.  _  The  upper  end  of 
this  plug  is  cylindrical  and  somewhat 
smaller  in  diameter  than  the  shell, 
thus  leaving  a  space  for  the  insertion 
of  packing.  With  the  plug  in  the  posi- 
tion shown,  communication  between 
the  passages  B  and  B'  is  shut  o£E;  but 
on  the  cock  being  given  a  quarter  turn, 
the  hole  b  in  the  plug  will  be  brought 
in  line  with  the  passages  B  and  B', 
thus  allowing  the  steam  or  liquid  in 
one  passage  to  pass  to  the  other,  and 
from  thence  to  its  destination.  A  cock 
in  which  the  passages  are  directly  op- 
posite, like  in  the  one  shown,  is  called 
''"'*"  a   strniglitway    cOck,      If    the    pas- 

sages are  at  an  angle  to  each  other,  the  cock  is  called  an 
aufcle  cock.  The  upper  end  of  the  gland  G  forms  a  cap, 
which  is  bored  out  large  enough  to  admit  the  body  of  the 
spanner,  or  key,  K,  and  is  provided  with  a  slot  S,  shown  in 
the  plan  view,  in  such  a  position  that  in  removing  the 
spanner  from  the  square  end  of  the  plug,  the  tongue  /  of 
the  spanner  cannot  pass  through  the  slot  5"  unless  the  cock 
is  fully  closed.     It  is  the  custom  in  American  steam  vessels 
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to  put  this  spanner  in  the  care  of  the  engineer  on  watch  or 
in  charge,  thus  preventing  any  person  but  himself,  or  a 
person  authorized  by  him,  from  opening  the  blow-off  cock. 
After  closing  the  cock,  the  spanner  is  removed  and  returned 
to  the  engineer.  Blowing  off  with  the  bottom  blow  is  some- 
times called  blowing  down. 

Although  globe  valves  are  extensively  used  on  blow-off 
pipes,  they  are  objectionable  for  the  reason  that,  though 
tightly  screwed  down,  the  valve  may  not  be  properly  closed 
on  account  of  a  piece  of  scale  or  similar  matter  getting 
between  the  valve  and  its  seat.  As  a  result,  the  water  may 
leak  out  of  the  boiler  unperceived.  Formerly,  brass  plug 
cocks  were  used  almost  entirely,  which,  owing  to  their  stick- 
ing tightly,  were  superseded  by  globe  valves  and  gate  valves. 
Within  the  last  few  years  plug  cocks  packed  with  asbestos 
have  been  placed  in  the  market,  the  asbestos  packing 
removing  the  objectionable  features  of  the  plug  cock.  Many 
engineers  now  insist  on  the  use  of  these  cocks  for  the  blow- 
off  pipe.  Gate  valves  are  also,  to  some  extent,  open  to  the 
same  objection  as  globe  valves. 

The  waste  pipe,  or  blow-off  pipe,  connects  with  an  angle 
cock  attached  to  the  side  of  the  vessel.  The  construction  of 
this  cock  is  similar  to  the  one  attached  to  the  boiler.  When 
it  is  desired  to  blow  off  the  boiler,  this  cock  is  opened  first, 
and  then  the  cock  attached  to  the  boiler;  this  operation  is 
reversed  when  the  boiler  has  been  emptied  or  blown  out 
sufficiently.  Should  the  waste  pipe  break  while  the  boiler  is 
blowing  off,  or  at  any  other  time,  the  water  from  the  sea 
would  flow  into  the  ship  if  no  cock  were  fitted  to  the  ship's 
side.  It  will  thus  be  seen  that  the  fitting  of  this  cock  is 
merely  a  precautionary  measure. 


SURFACE    BLOW-OrF 

43.  Marine  boilers  usually  have  a  pipe  and  cock  or  valve 
attached  near  the  water  level,  the  pipe  extending  inside  of 
the  boiler  and  terminating  in  a  scoop  or  ladle,  called  a  scum 
pan,   placed  about  3  inches  below  the  water  level.     The 
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cock  itself  is  known  as  the  surface  bloTv^-off  cock,  or 
scum  cock,  and  has  a  waste  pipe  connected  usually  with 
the  bottom  blow-off  pipe,  between  the  bottom  blow-off  cock 
and  the  cock  on  the  side  of  the  vessel. 

The  surface  blow-off  cock  is  used  to  remove  the  grease 
and  oil  and  other  impurities  floating  on  the  surface  of  the 
water.  The  ladle  at  the  end  of  the  pipe  serves  merely  as  a 
funnel  for  the  collection  of  these  impurities.  Sometimes  a 
trough  is  fitted,  running  across  or  from  the  front  to  the  back 
of  the  boilers,  having  the  surface  blow-off  connected  to  the 
bottom  of  the  trough. 


Fig.  22 


The  ordinary  arrangement  of  the  blow-off  apparatus  for  a 
Scotch  boiler  is  shown  in  Fig.  22.  At  W,  the  surface  blow- 
off  cock  is  shown;  its  waste  pipe  D  connects  to  the  waste  pipe  C 
of  the  bottom  blow-off  cock  D.  The  water  discharges  over- 
board through  the  cock  E.  The  internal  surface  blow-off 
pipe  is  shown  at  /%  and  scum  pan  at  G, 

44,  After  either  blow-off  has  been  used  for  the  purpose 
of  partially  emptying  the  boiler  of  water,  the  greatest  care 
should  be  used  to  make  sure  that  the  cocks  or  valves  are 
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completely  closed.  If  there  is  a  leak,  it  may  be  discovered 
by  feeling  the  blow-off  pipe  at  some  distance  from  the  boiler. 
If  the  pipe  is  very  hot,  it  is  an  indication  that  the  blow-off 
valves  or  cocks  are  leaking,  provided  that  the  test  is  made 
long  enough  after  the  blowing  down  to  give  the  pipe  a 
chance  to  cool.  

PIPE    FITTINGS 


VALVES 

45.  For  the  purpose  of  controlling  the  flow  of  fluids 
through  pipes,  valves  and  cocks  are  universally  used. 
Valves  that  allow  the  fluid  to  flow  through  them  in  either 
direction  are  divided  into  two  general  classes,  viz.,  globe 
valves  and  gale  valves. 

46.  Globe  valves  are  made  in  a  variety  of  forms,  follow- 
ing the  same  general  idea  of  construction.     A  common  form 


^f^rn 


is  shown  in  Fig,  23,  The  fluid  enters  at  A  and  flows  otit 
at  B.  The  opening  in  the  valve  seat  is  closed  by  a  flat 
removable  disk,  which  may  be  renewed  when  worn  so  as 
to  leak.     Another  common  construction  is  shown  in  Fig.  24. 
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This  style  of  valve  is  used  at  the  junction  of  two  pipes  at  a 
right  angle,  and  hence  is  termed  an  ang^ie  valve.  The  seat 
of  the  particular  valve  shown  is  beveled;  when  worn,  it  may 
be  made  tight  again  by  grinding  it  in.  Globe  valves  should 
be  attached  to  the  pipes  in  such  a  manner  that  the  valve  will 
close  against  the  pressure.  This  will  allow  the  valve  stem 
to  be  packed  without  blowing  off  the  steam  from  the  boilers. 


47.     The  steam  generated 
destination  by  the  steam  pipe. 


Pia.  3S 


in  the  boiler  is  carried  to  its 
This  pipe  is  provided  with  a 
stop-valve,  which,  for  large 
sizes  of  pipes,  is  a  modifica- 
tion of  the  globe  angle  valve 
shown  in  Fig.  24.  The  usual 
construction  of  a  large  stop- 
valve  is  illustrated  in  Fig.  25. 
A  cast-iron  casing  or  body  A 
is  bolted  to  a  nozzle  riveted 
to  the  boiler  or  steam  drum. 
The  lower  part  of  the  casing 
is  fitted  with  the  gun-metal 
ring  li,  forming  the  seat  for 
the  valve  V,  which  is  guided 
by  wings,  as  shown  in  the 
figure.  The  hand  wheel  H 
is  fixed  on  the  end  of  the 
valve  stem  i,  which  works 
inside  a  brass  nut  screwed 
into  the  yoke  of  the  bonnet 


or  cover  C;  the  valve  stem  passes  through  the  stuffing- 
box  (with  its  gland  and  neck  ring  as  shown),  and  is  so 
attached  to  the  valve  V  that  the  latter  can  be  raised  or 
lowered  without  turning  around  when  the  valve  stem  is 
revolved  by  the  wheel  H.  To  prevent  any  movement  of  the 
brass  nut  in  the  yoke,  it  is  locked  in  position  by  means  of  a 
small  pin  shown  at  /',  which  passes  through  the  yoke  and 
nut.  The  steam  pipe  is  bolted  to  the  flange  /■".  When 
the    valve   is  raised,  the   steam  flows  through   the  annular 
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opening  between  the  valve  and  the  seat,  and  thence  into 
the  steam  pipe, 

48.  The  waterway  through  a  globe  valve  is  so  contorted 
that  it  obstructs  the  flow  of  a  fluid  through  the  valve  to  some 
extent.  To  overcome  this  objection,  gate  valves  have 
been  designed,  a  common  form  of  which  is  shown  in  Fig.  26. 
By  turning  the  stem  B,  the  wedge-shaped  disks  A,  A,  are 
moved  across  the  seats  c,  c,  and 
the  orifice  is  opened  or  closed  / 
gradually.  The  disk  A^  has  cast 
on  its  lower  side  a  projection  D 
that  rests  on  a-corresponding  pro- 
jection E  that  is  cast  with  the 
valve  body.  These  two  projec- 
tions form  a  stop  for  the  disk  A^, 
when  it  has  come  to  a  stop,  a  fur- 
ther turning  of  the  stem  wedges 
the  two  disks  apart,  pressing 
them  tightly  against  the  seats. 
A  gate  valve  may  be  put  on  to 
receive  the  pressure  on  either 
side. 

49.  Check-valves  are  valves 
designed  to  permit  the  flow  of 
fluids  in  one  direction  only  and  to 
positively  prevent  any  ret  urn  flow. 
The  most  common  form  of  check- 
valve  is  that  known  as  a  Klobc 
ch^k.     It  is  shown  in  Fig.  27.  f'"-  '^ 

The  valve  W  is  a  solid  disk  of  metal  ground  to  the  beveled 
seat  B.  It  is  guided  by  the  wings  C  and  E  above  and  below 
the  seat.     The  fluid  passes  in  the  direction  of  the  arrows. 

An  improved  form  of  check-valve,  known  as  a  switig  check, 
is  shown  in  Fig.  28.  The  valve  disk  is  attached  to  an  arm 
that  swings  on  a  pin,  as  shown.  The  passage  of  the  fluid 
through  this  valve  is  more  direct  than  in  the  globe  check. 
The  fluid  passes  through  the  check  in  the  direction  shown 
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by  the  arrows,  that  is,  from  A  toward  B.  In  case  of  a  rapid 
flow,  the  projection  C  on  the  end  of  the  arm  to  which  the 
valve  is  attached  strikes  against  the  bottom  of  the  screw  D, 
and  is  thus  kept  from  going  too  far. 

The  two  kinds  of  check-valves  illustrated  are  not  very  well 
adapted  for  working  in  any  other  except  a  horizontal  posi- 


tion.    If  a  check-valve  must  be  used  in  a  vertical  pipe,  one 
made  especially  for  this  purpose  should  be  obtained. 

In  marine  work,  when  several  boilers  are  fed  by  a  com- 
mon apparatus,  it  is  customary  to  fit  each  boiler  with  a 
check-valve  having  an  adjustable  lift,  and  to  use  this  valve 
for  regulating  the  amount  of  feedwater  entering  each  boiler. 


60.  For  controlling  the  flow  of  liquids,  cocks  are  often 
used.  In  marine  work,  they  are  chiefly  used  on  blow-off 
pipes,  for  the  water  service  of  the  engine  room  and  fireroom, 
and  on  the  pipe  lines  used  for  fire-service.  Ordinary  water 
cocks  made  with  a  brass  body  and  a  brass  plug  ground  into 
it  are  not  well  adapted  for  blow-off  cocks;  special  blow-off 
cocks  are  made  and  can  be  obtained  from  all  reputable 
makers.  The  objection  to  the  ordinary  plug  cock  is  its 
tendency  to  leak  around  the  bottom  and  the  difficulty  of 
moving  the  plug  after  the  cock  has  been  closed  for  some 
time.     To   overcome   this   difEculty,    asbestos -packed    plug 
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cocks  have  been  designed  and  are  gfradually  cominsf  into 
extensive  use.  These  cocks  have  dovetail  grooves  cast  into 
the  body,  into  which  asbestos  is  tightly  driven.  The 
asbestos,  being  slightly  elastic,  fits  snugly  against  the  plug, 
thus  making  a  tight  joint;  at  the  same  time,  owing  to  the 
small  amount  of  friction,  it  allows  the  plug  to  be  turned 
easily.  Since  the  asbestos  is  not  affected  by  heat  or  mois- 
ture, it  is  quite  durable. 

The  use  of  ground  plug  cocks  should  be  avoided  as  much 
as  possible  in  marine  work;  especially  the  use  of  large-sized 
cocks  of  this  pattern.  They  cannot^be  kept  tight  for  any 
length  of  time  if  used  much,  are  difficult  to  repair,  and  are 
liable  to  stick  fast  in  the  body  when  only  used  occasionally. 
An  attempt  to  move  them  when  stuck  will  often  result  in 
twisting  off  the  plug  end.  They  answer  fairly  well  in  very 
small  pipe  lines,  say  up  to  i-inch  nominal  pipe  diameter,  but 
for  all  larger  pipes,  valves  or  asbestos-packed  cocks  are  to 
be  preferred.  As  a  general  rule,  they  should  not  be  used 
for  steam  pipes,  although  their  use  is  customary  on  indicator 
piping  and  steam-gauge  piping. 


EXPANSION    JOINTS 

51.  Where  more  than  one  boiler  is  used  on  a  steam  ves- 
sel, all  boilers  are  connected  by  short  branch  steam  pipes  to 
one  large  pipe  called  the  main  steam  pipe.  Each  boiler  is 
provided  with  a  stop-valve,  by  means  of  which  the  commu- 
nication of  the  boiler  with  the  main  steam  pipe  may  be  shut 
off,  if  desired.  The  main  steam  pipe  is  also  provided  with  a 
stop-valve  close  to  the  engine,  for  the  purpose  of  shutting 
off  all  communication  of  the  steam  with  the  engine.  As  the 
heat  of  the  steam  expands  the  metal  of  which  the  main  steam 
pipe  is  composed,  and  consequently  increases  its  length, 
means  must  be  provided  by  which  this  increase  in  length 
may  be  taken  care  of.  This  is  usually  accomplished  by 
means  of  expansion  joints,  one  form  of  which,  known 
both  as  a  packed  expansion  Joint  and  a  slip  Joint,   is 
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shown  in  Fig.  29.  It  has  a  body  A  into  which  the  brass 
bushing  B  is  forced.  Into  the  latter  is  fitted  a  sliding  tube  C. 
Packing  is  placed  in  the  stufEogbox  D,  and  is  held  in  posi- 
tion by  the  gland  £",  the  gland  being  screwed  down  by  means 
of  bolts,  one  of  which  is  shown  in  dotted  lines.  The  packing 
is  put  in  to  prevent  the  leakage  of  steam.  Studs  f,  F,  fitted 
with  nuts  and  check-nuts,  limit  the  amount  of  movement  of 
the  sliding  tube  C.  These  studs,  or  other  means  of  prevent- 
ing the  joint  being  forced  entirely  apart  by  the  steam  pres- 
sure, are  extremely  important,  many  very  disastrous  and 
fatal  accidents  having  been  caused  by  their  absence.  The 
flanges  G  and  /^are  bolted  to  the  flanges  of  the  pipe;  con- 
sequently, when  the  pipe  expands,  the  body  A  of  the  expan- 
sion joint  is  forced  to  the  left,  and  the  sliding  tube  C  to  the 


right,  and  when  the  pipe  contracts,  they  are  forced  in  oppo- 
site directions.  A  small  drain  pipe,  not  shown  in  the  figure, 
is  usually  fitted  to  the  lowest  point  of  the  body  A,  and  is 
provided  with  a  stop-cock.  This  pipe  is  used  to  drain  the 
water  formed  by  condensation  of  the  steam  from  the  joint. 
If  no  provision  is  made  for  carrying  off  this  water,  it  will 
soon  corrode  the  body,  unless  it  be  made  of  brass  or  gun 
metat,  as  is  sometimes  the  case. 

52.  Slip  joints  are  used  where  the  expansion  of  a  straight 
line  of  large  pipe  has  to  be  provided  for.  In  a  great  many 
instances,  expansion  may  be  provided  for  by  bending  the 
pipes  in  the  manner  shown  in  Fig.  30,  the  figure  illustrating 
the  arrangement  of  the  steam  pipes  of  the  steamship  Yumuri. 
There  are  six  Scotch  boilers  standing  athwartship,  provided 
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with  steam  drums.  Attached  to  the  top  of  the  drums  are 
the  stop-valves  A,  Ax,  Att  etc.  The  steam  pipes  B,  Bi  are 
bent  to  the  shape  shown,  and  increase  in  length  by  merely 
bendins:  the  pipes.  Expansion  between  Ai  and  At,  and  A^ 
and  At  is  provided  for  by  slip  joints  C,  C.  Each  battery  has 
a  separate  main  steam  stop-valve,  shown  at  D  and  D^.  The 
two  branch  mains  join  at  E,  whence  the  main  steam  pipe  F 
leads  to  the  engine.  Fig.  30  also  shows  the  general  arrange- 
ment  of  the  safety-valve  escape  pipes.  At  a,  6,  r,  d,  e,  and  /, 
the  safety  valves  are  shown,  a^  b',  ^,  d\  e',  and  f  being  their 
respective  escape  pipes,  which  deliver  into  the  main  escape 
pipe  h.  Steam  pipes  were  formerly,  but  are  rarely  today, 
made  of  copper,  each  section  being  provided  with  flanges, 
by  means  of  which  the  difiEerent  sections  were  bolted 
together..  Wrought-iron  pipes  are  sometimes  employed  for 
the  smaller  sizes,  and,  lately,  welded-steel  pipes  have  been 
used,  especially  in  naval  vessels.  Copper  pipes  are  some- 
times strengthened  by  winding  them  with  one  or  more  layers 
of  square  steel  wire,  their  weak  spots  generally  being  the 
brazed  joints.  Cast  iron  was  at  one  time  very  extensively 
used  for  steam  pipes,  but,  owing  to  numerous  accidents  due 
to  the  treacherous  nature  of  the  metal,  it  has  been  super- 
seded by  copper,  wrought  iron,  and  steel.  Steam  pipes  are 
generally  covered  with  some  non-heat-conducting  material. 


MISCEIiliANEOUS  ACCESSORIES 


WHISTLES    AND    SIRENS 

53.  Every  steam  vessel  is  provided  with  a  whistle  or  a 
siren  for  signaling  purposes.  Two  of  the  most  common 
constructions  are  shown  in  Figs.  31  and  32.  Referring  to 
Fig.  31,  the  bell,  or  upper  portion,  is  a  hollow  cylinder  closed 
at  the  top  and  open  at  the  bottom,  and  is  held  in  position  by 
a  stud  that  passes  through  the  center  and  is  secured  at  the 
upper  end  by  means  of  a  screw  and  jam  nut.  The  hollow 
base  has  a  narrow  annular  orifice  that  communicates  with 
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the  steam  pipe  and  valve.  As  the  steam  rushes  out  of  the 
orifice  in  an  upward  direction,  toward  the  mouth  of  the  bell, 
it  slightly  compresses  the  air  contained  in  the  bell.  The  air 
being  elastic  will  not  retain  a  fixed  or  stationary  position, 
but  will  slightly  spring  back  toward  the  inrushing  steam, 
when  it  is  again  forced  back  in  a  compressed  state,  causing 
a  vibration  of  the  air  and  steam.  These  vibrations  continue 
as  long  as  steam  is  permitted  to  flow,  and  are  communicated 
to  the  surrounding  atmosphere,  thus  producing  sound. 

The  tone  may  be  changed  to  a  higher  pitch  by  lowering,  or 
to  a  lower  pitch  by  raising,  the  bell.  This  may  be  done  by 
loosening  the  jam  nut  and 
turning  the  bell  up  or  down, 
after  which  the  nut  should  be 
tightened. 

Whistles  are  also  con- 
structed to  produce  two  or 
more  tones  of  different  pitch 
simultaneously  by  dividing  the 
bell  into  two  or  more  cell-like 
parts,  as  shown  in  Fig.  32. 
Each  apartment  produces 
different  tone,  and  when  these 
tones  chord  perfectly,  the 
effect  is  quite  pleasing.  na.ai  no.a 

In  large  steam  vessels,  the  whistle  is  usually  located  at  a 
considerable  distance  above  the  boilers.  In  order  to  prevent 
the  long  whistle  pipe  becoming  filled  with  water,  it  is  advisa- 
ble to  (it  a  small  drain  pipe  and  valve  directly  above  the 
stop-valve  in  the  whistle  pipe,  which  is  placed  close  to  the 
boiler.  When  not  in  use,  the  steam  may  be  shut  off  from 
the  whistle,  if  deemed  advisable,  and  the  drain  valve  opened. 

When  no  separate  valve  is  fitted  to  the  whistle  to  shut 
off  the  steam,  the  blowing  of  the  whistle,  due  to  an  acci- 
dent to  the  whistle  valve,  may  be  stopped  by  pushing  a 
stick  into  the  bell;  if  this  is  not  feasible,  due  to  the  con- 
struction of  the  whistle,  stuff  cotton  waste  into  the  bell,  using 
a  long  stick. 
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64.  The  sound  produced  bjr  a  steam  sjren  differs  materi- 
ally  from  that  obtained  from  a  whistle,  the  latter  givine  a 
comparatively  shrill  and  penetrating  sound,  while  that  of  the 
former  is  very  deep,  far>reachine, 
and  mournful.  Steam  sirens  are 
often  made  so  that  the  sound  can  be 
projected  in  any  desired  direction; 
such  a  siren,  made  by  Schaeffer  & 
Budenbere,  is  illustrated  in  Fie.  33. 
The  siren  consists  of  a  body  a  to 
which  is  fitted  the  movable  cowl  6, 
which  has  a  gear  c  at  its  base.  A 
pinion  d  meshes  with  c;  the  pinion  d 
is  keyed  to  a  shaft  e  that  terminates, 
in  a  position  convenient  to  the  oper- 
ator, in  a  handwheel  or  crank  by 
which  it  can  be  turned,  thus  turn- 
ing the  cowl.  By  pulling  the  cord, 
which  is  attached  to  the  lever  /,  a 
valve  inside  of  a  is  opened  and 
steam  admitted  to  the  sound  pro- 
ducer. This  is  a  cylindrical  drum 
""■ "  free  to  revolve  on  its  axis  in  suitable 

bearings.     The  drum  is  revolved  at  high  speed  by  the  steam 
and  in  doing  so  produces  the  sound. 


DONKEY    VALVK 

55.  As  the  donkey  boiler  is  used  only  when  the  vessel 
is  in  port,  the  steam  required  to  work  the  auxiliary  machin* 
ery  at  sea  must  be  taken  from  the  main  boiler  or  boilers, 
and  this  is  done  by  connecting  one  of  the  main  boilers,  when 
several  are  used,  with  the  main  steam  pipe  leading  to  the 
auxiliary  machinery.  The  pipe  connecting  the  boiler  with 
this  steam  pipe  is  provided  with  a  stop-valve  known  as  the 
donkey  valve.  Its  construction  does  not  present  any 
special  features;  in  fact,  any  ordinary  globe  valve  or  gate 
valve  may  be  used. 
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FIRE-APPARATUS 

56.  Connected  to  the  main  steam  pipe  or  to  one  of  the 
main  boilers  is  a  pipe  with  branches  leading:  to  the  difiEerent 
compartments  of  the  vessel,  each  branch  having  a  separate 
stop-valve.  Usually,  all  the  branches  are  connected  to  one 
fitting,  called  a  manifold^  as  shown  in  Fig.  34.  In  case  of 
fire  in  any  of  the  compartments  of  the  vessel,  the  compart- 
ment is  closed,  and  steam  from  the  boilers  is  led  to  the 
burning  compartment  by  the  pipes  mentioned,  the  steam 
driving  out  the  air  and  thus  smothering  the  fire. 


To  Forward  Hoi 


To  Starboard  Bunh^r^ 
To  Port  Bunker 


To  After  Kold 


Fig.  34 

The  rules  and  regulations  of  the  Board  of  Supervising 
Inspectors  of  Steam  Vessels  provide  that  these  pipes  shall 
not  be  less  than  li  inches  in  diameter,  except  on  steamers 
employed  on  western  rivers,  where  the  branch  pipes  must 
not  be  less  than  i  inch  in  diameter.  Each  branch  pipe  must 
be  supplied  with  a  stop-valve,  the  handle  of  which  must  be 
marked  to  indicate  the  compartment  or  part  of  the  vessel 
it  leads  to,  and,  if  feasible,  the  whole  arrangement  is  to  be 
enclosed  in  a  suitable  box  and  plainly  marked  **Fire 
Apparatus." 

FRONT  CONNECTION  AND  SMOKESTACK 

57.  In  Scotch  boilers  and  modifications  thereof,  the 
products  of  combustion,  after  leaving  the  furnace,  pass 
through  the  combustion  chamber  into  the  tubes  and  thence 
into  the  front  connection.  This  is  made  of  suitable  shape. 
for  instance  as  shown  in  Fig.  35,  and  is  built  up  of  sheet 


50 


MARINE-BOILER  ACCESSORIES 


§11 


iron  about  A  inch  thick.  It  is  provided  with  a  large  door  A 
that  is  fitted  with  a  baffle  plate  B  to  prevent  radiation.  This 
door  gives  access  to  the  tubes  and  front  tube  sheet.  The  front 
connection  is  usually  attached  to  angle  irons  C  C  bent  to  the 
required  shape  and  secured  to  the  head  of  the  boiler  either 
by  studs  or  by  riveting.  The  front  connection,  the  uptake,  and 
the  smokestack  are  usually  made  with  an  air  casing  around 


them;  that  is,  they  are  made  double,  leaving  an  air  space  of 
about  3  inches  or  more  between  the  inner  and  the  outer 
plates.  The  lower  end  of  the  smokestack  is  steadied  by  a 
cast-  or  wrought-iron  ring  secured  to  the  upper  deck  of  the 
vessel.  The*  top  of  the  smokestack  is  steadied  by  guys, 
usually  wire  ropes,  which  may  be  tightened  by  means  of 
turnbuckles.  The  area  of  the  uptake  should  not  be  less  than 
the  combined  area  of  all  the  tubes  discharging  into  it. 


§11 


MARINE-BOILER  ACCESSORIES 


51 


DAMPBR 

58.  A  damper  is  occasionally  fitted  in  the  smokestack. 
The  simplest  construction  of  a  damper  is  shown  in  Fig.  36. 
A  shaft  A  carried  in  two  bearings,  one  at  each  side  of  the 
stack,  has  riveted  to  it  a  flat  wrought-iron  plate  B,  elliptic 
in  shape,  fitting  loosely  into  the  stack.  A  lever  C  is  keyed 
to  one  end  of  the  shaft,  and  provided  with  an  endless  chain 
leading  to  the  engine  room,  by  means  of  which  it  may  be 
opened  or  closed,  thus  increasing  or  decreasing  the  area  of 
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opening  of  the  stack,  and  hence  regulating  the  draft.  The 
chain  passes  over  rollers  E,  /%  G,  and  Hy  and  is  connected  to 
a  lever  Z>,  working  on  a  stud  d,  A  sector  /,  provided  with 
holes,  serves  to  keep  the  lever  in  position,  a  pin  k  being 
inserted  iiito  a  hole  in  the  lever  and  a  hole  in  the  sector. 
With  this  arrangement,  the  damper  is  not  afiEected  by  the 
rolling  or  pitching  of  the  vessel. 
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SDPBRinCATBRS 

69.  Steam  may  be  superheated  in  a  separate  vessel, 
called  a  saperbeater,  utilizing  the  heat  of  the  waste  gases. 
The  use  of  superheaters  in  connection  with  fire-tube  boilers 
was  quite  common  in  marine  work  up  to  the  year  1880,  but 
since  then  their  use  has  been  gradually  abandoned,  as  the 
practical  difficulties  incidental  to  the  use  of  superheated  steam 
are  considered  to  overbalance  the  advantages.  The  diffi- 
culties encountered  are  the  rapid  deterioration  of  the  super- 
beaters,  and  the  carburising  of  the  lubricant  for  the  engine 


cylinders.  There  are  many  old  vessels  fitted  with  super- 
heaters, however,  and  for  this  reason  two  forms  are  here 
described. 

60.  A  superheater  at  one  time  largely  used  in  British 
ships  is  shown  in  Fig.  37,  It  consists  of  a  cylindrical  shell  S 
having  a  number  of  large  tubes  T  passing  through  it.  It 
is  usually  fitted  into  the  uptake  or  the  base  of  the  smoke- 
stack, and  is  provided  with  a  safety  valve,  shown  at  B,  and 
braced  in  the  same  manner  as  a  boiler.  It  is  used  for  drying 
the  steam  on   its  passage  from  the  boilers  to  the  engine. 
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This  is  done  by  the  hot  gases  of  combustion  passing  throaeb 
the  tubes  and  around  the  shell,  thus  heating  the  steam  in  the 
superheater  above  the  temperature  due  to  its  pressure.  A 
drain  pipe  C  is  provided.  The  steam  enters  the  super- 
heater through  the  pipe  A  and  leaves  it  through  the  pipe  A', 
The  connection  to  the  boiler  is  made  in  the  following 
manner:  The  steam  pipes  A,  A',  Fig.  38,  leading  from 
the  several  boilers  are  all  joined  to  the  pipe  A"  connected  to 
the  bottom  of  the  superheater.  The  steam  enters  the  super- 
heater /  through  this  pipe  and  passes  out  at  the  top  in  the 
main  steam  pipe  G.  Should  it  be  desired  to  dispense  with 
the  use  of  the  superheater,  it  may  be  done  by  opening  the 
valve  C  on  the  by-pass  pipe  D,  and  closing  the  valves  E 
and  F,     By  means  of  these  valves,  the  superheated  and  the 


saturated  steam  may  be  mixed,  if  so  desired.  This  is  done 
by  opening  the  three  valves,  when  part  of  the  steam  will 
pass  through  the  by-pass  pipe  and  part  through  the  super- 
heater, the  superheated  and  saturated  steam  mixing  in  the 
main  steam  pipe.  The  superheated  steam  will  have  a  tem- 
perature but  little  less  than  that  of  the  gases  of  combustion, 
say  about  650°  F.,  and  this  high  temperature  will  soon  dry 
out  the  packing  used  about  the  engine  and  carbonize  the  oil 
used  for  lubricating  the  cylinder.  To  avoid  this,  the  super- 
heated and  saturated  steam  are  often  mixed  in  the  manner 
just  described,  ihe  superheated  steam  expending  part  of  its 
heat  in  drying  the  saturated  steam.  The  temperature  of  the 
mixture  will  thus  be  reduced  considerably,  and  drier  steam 
furnished  to  the  engine.     The  ratio  of  the  heating  surface  of 
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the  superheater  to  the  heating  surface  of  the  boilers  is  gen- 
erally made  about  1  ;  10. 

61.  Superheaters  of  the  design  shown  in  Fig.  37  have 
not  found  much  favor  in  the  United  States.  The  steam 
cMmney,  shown  in  Fig.  39,  is  used  instead.    This,  in  effect,  is 

nothing  but  a  jacket 
surrounding  the 
smokestack  at  its 
base.  The  steam 
enters  the  steam 
chimney  through  the 
stop- valve  A,  is  su- 
perheated by  coming 
in  contact  with  the  in- 
ner  lining  of  the 
steam  chimney, 
which  is  heated  by 
the  hot  gases  of  com- 
bustion, and  passes 
to  its  destination 
through  the  main 
steam  pipe  B,  As 
usually  arranged,  the 
steam  chimney  can- 
not be  shut  off,  but 
all  the  steam  on  its 
passage  to  the  engine 
must  pass  through  it. 
The  steam  chimney  is  braced  by  stay-bolts  of  suitable  size 
and  pitch,  and  must  be  provided  with  its  own  safety  valve, 
which  is  shown  at  C\  also,  a  drain,  shown  at  ^7,  by  means  of 
which  it  may  be  emptied  of  all  the  water  formed  by  the  con- 
densation of  the  steam.  To  allow  of  inspection  and  repair, 
the  steam  chimney  is  provided  with  one  or  more  manholes, 
according  to  the  size,  one  of  which  is  shown  at  m. 
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STEAM    DRUM    AND    DRY    PIPB 

62*  A  steam  drum  is  a  cylindrical  vessel  connected  to 
the  boiler  by  one  or  more  passages,  and  placed  on  top  of  the 
boiler  to  increase  the  steam  space  and  also  to  prevent 
priming.  It  is  supposed  that  by  taking  the  steam  from 
the  boiler  at  a  considerable  height  above  the  water  level, 
the  steam  will  be  drier.  Where  steam  drums  are  used,  the 
steam  pipe  is  connected  to  the  drum,  and  often  the  safety 
valves  are  placed  on  top  of  the  latter. 

Lately,  the  use  of  steam  drums  has  been  almost  abandoned 
in  favor  of  a  so-called  dry  pipe.  This  is  a  pipe  provided 
with  a  number  of  slots,  or  perforations,  shown  at  a^  a,  etc., 
Fig.  40.     It  is  placed  inside  the  boiler  at  the  highest  point, 


Pig.  40 

and  is  supported  at  the  ends  by  iron  straps  ^,  h  bolted  to  the 
boiler  shell.  The  dry  pipe  is  connected  to  the  steam  pipe  in 
such  a  manner  that  the  steam  can  only  enter  the  steam  pipe 
by  passing  through  the  slots,  the  ends  of  the  pipe  being 
closed.  The  combined  area  of  the  slots,  or  perforations, 
in  the  dry  pipe  is  usually  made  equal  to  that  of  the  steam 
pipe  connected  to  it.  A  small  hole  should  be  drilled  into 
the  bottom  of  the  pipe  to  allow  the  dry  pipe  to  drain. 


STEAM    SEPARATORS 

63,  A  separator  is  an  apparatus  designed  to  remove 
the  entrained  water,  or  the  oil,  dirt,  or  other  impurities  from 
a  current  of  steam  flowing  through  a  pipe.  When  the  sepa- 
rator is  intended  simply  to  free  the  steam  from  water,  it  is 
placed  on  the  main  pipe  leading  from  the  boiler  to  the  engine, 
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and  as  close  as  possible  to  the  latter.  When  it  is  desired  to 
remove  the  fifrease  and  dirt  from  the  exhaust  steam  before 
condensing  it  and  feeding:  it  back  into  the  boiler,  the  separa- 
tor is  placed  in  the  exhaust  pipe  leading  from  the  engine  to 
the  condenser. 

The  Stratton  separator  is  shown  in  Fig.  41.  It  consists 
of  a  chamber  with  a  steam  inlet  and 
I  outlet,  and  containing  a  vertical  pipe  a. 
The  steam  enters  by  the  inlet  c,  and  is 
deflected  hy  a  curved  partition,  which 
gives  it  a  spiral  motion  about  the 
^  pipe  a.  The  particles  of  water  are 
thrown  off  by  centrifugal  action,  and 
run  down  the  walls  to  the  bottom 
of  the  chamber.  The  steam  passes 
through  the  pipe  a  and  out  the  out- 
let d  in  &  practically  dr;  condition. 
The  separator  is  provided  with  a  drip 
pipe  k  for  the  removal  of  the  water, 
and  a  gauge  glass  £.  The  wings  b,  b 
are  four  in  number,  and  are  for  the 
purpose  of  destroying  the  centrifugal 
effect  of  the  steam  after  it  has  reached 
the  bottom  of  the  separator.  They 
likewise  ofler  additional  surface  for 
the  water  particles  to  adhere  to. 
Were  it  not  for  these  wings,  the 
steam  would  keep  up  its  rotative 
motion  while  passing  up  the  pipe  a 
■^  and  thus  necessarily  carry  some  of 
Pto.  a  ^,e  entrained  water  with  it. 

There  are  many  other  makes  of  separators,  all,  however, 
operating  on  practically  the  same  principle.  What  is  required 
of  a  separator  is  to  abruptly  change  the  direction  of  the  cur- 
rent. The  particles  of  water  will  continue  in  the  original 
direction  of  the  current  by  reason  of  their  inertia,  while  the 
dry  steam  passes  qS.  in  another  direction. 
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BOILER    SADDLES 

64.  The  usual  method  of  setting:  a  Scotch  boiler  when  it  is 
placed  athwartship  is  illustrated  in  Fig^.  42  (a)  and  (d).  Two 
saddles,  or  cradles,  of  wroug^ht-iron  or  steel  plate  a,  a  and 
angle  bars  d^d  bent  to  conform  to  the  shape  of  the  boiler 
shell  are  firmly  secured  to  the  framinc:  of  the  vessel  by 
means  of  the  ang^le  bars  I/,  I/.  The  boiler  rests  in  these 
saddles  and  is  secured  to  them,  if  the  boiler  is  small,  by 
straps  passing  around  it.  As  the  weight  of  the  boiler  and 
the  water  it  contains  would  throw  a  heavy  bending  stress  on 
the  saddles  when  the  vessel  is  rolling,  the  saddles  must  be 
stiffened  in  an  athwartship  direction.  To  do  this,  gusset 
braces  c,c  of  iron  or  steel  plate  are  secured  by  means  of 
the  angle-bar  clips  d,  d  to  the  saddles  and  to  plates  firmly 
riveted  to  the  reversed  frames  ^,  e.  The  diagonal  edges  of 
the  gusset  braces  are  stiffened  by  the  angle  bars  /,  /  riveted 
to  them.  The  lower  corners  of  the  gusset-brace  plates  are 
cut  off  to  clear  the  angle  bars  ^,  ^.  Large  boilers  are 
secured  to  the  saddles  by  means  of  tap  bolts,  with  the  heads 
on  the  inside  of  the  boiler.  The  bolts  are  screwed  into  the 
shell  of  the  boiler  from  the  inside  and  pass  through  holes  pro- 
vided for  them  in  the  flanges  of  the  saddle  angle  bars  b^  b\  nuts 
are  screwed  on  the  bolts  outside  the  flanges  of  the  angle  bars. 
The  holes  through  the  flanges  of  the  angle  bars  are  drilled 
larger  than  the  bolts,  in  order  to  provide  room  for  adjustment. 
These  holes  are  drilled,  after  the  saddle  is  permanently 
secured  in  its  place,  from  a  templet  taken  from  the  boiler. 
Washers  are  placed  under  the  heads  and  nuts  of  these  bolts. 

It  will  be  observed  that  the  saddle  plate  is  cut  away  dXg,g, 
and  that  the  angle  bars  are  bent  to  conform  to  the  shape  of 
these  spaces,  in  order  to  let  the  saddle  clear  the  butt  straps  h,  h 
that  cover  the  joints  in  the  boiler  shell. 

65.  The  setting  of  a  Scotch  boiler  when  it  is  placed  fore  and 
aft  lis  illustrated  in  Fig.  43  (a )  and  ( ^) .  The  saddles  are  shown  at 
a,  a,  there  being  five  of  them  in  this  case.  They  are  constructed 
in  a  similar  manner  to  those  described  in  conjunction  with 
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Fig.  42,  with  the  exceptions  that  they  are  shaped  to  conform  to 
the  curve  of  the  reversed  frames  d,  by  by  etc.  and  that  lightening 
holes  c,  c  are  cut  in  them  to  reduce  weight.    To  brace  the  boiler 


Pxa.  43 


when  the  vessel  is  pitching,  the  brackets  dy  d  are  secured  to 
the  framing  of  the  vessel  and  to  the  ends  of  the  boiler  by  the 
angle  bars  Cy  e.  The  bracket  consists  of  a  triangular-shaped 
piece  of  iron  or  steel  plate,  strengthened  by  angle  bars. 


FIRING 


COMBUSTION 


THEORY  OF  COMBUSTION 


U^WS    OF    CHEMICAL    COMBINATIONS 

1.  Elements  and  Compounds. — Every  mass  of  matter 
is  an  element^  a  compound^  or  a  mixture.  Iron,  silver,  sul- 
phui*,  and  oxygen  are  elements;  water,  wood,  lime,  and  car- 
bonic acid  are  compounds. 

2.  A  compound  may  be  decomposed  or  divided  into 
separate  substances.  For  example,  if  an  electric  current  is 
passed  through  water,  the  water  slowly  disappears  and  two 
gases  are  formed.  These  gases  are  entirely  unlike,  and 
neither  resembles  the  water  from  which  it  is  produced. 
Likewise,  lime  can  be  divided  into  two  other  substances — 
calcium  and  oxygen.  Any  substance  that  can  thus  be  decom- 
posed or  divided  into  other  substances  is  called  a  compound. 

3.  There  are  substances  that  have  never  been  decom- 
posed into  other  substances.  By  no  known  process  can 
sulphur  be  separated  into  other  substances;  so  with  iron, 
gold,  arsenic,  and  many  other  substances.  Substances  that 
have  never  been  decomposed  are  called  elements. 

The  elements  that  will  be  considered  are:  hydrogen,  H\ 
oxygen,  0\  nitrogen,  N\  carbon,  C\  sulphur,  S, 

In  referring  to  an  element,  it  is  customary  to  use  only 
the  symbol,  which  is  usually  the  first  letter  of  the  name. 
Thus,  H  stands  for  hydrogen,  C  for  carbon,  etc. 
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4.  Chemical  Combination. — When  two  or  more  ele- 
ments are  brought  into  contact  under  favorable  circum- 
stances, they  will  combine  and  form  a  new  substance  that 
is  unlike  either  of  the  elements.  Of  course,  the  new  sub- 
stance will  be  a  compound.  Thus,  if  carbon  and  oxygen  are 
brought  together  at  a  high  temperature,  they  will  combine 
and  form  carbon  dioxide.  Hydrogen  and  oxygen  combine 
to  form  water.  Hydrogen,  nitrogen,  and  oxygen,  when 
combined  in  certain  proportions,  form  nitric  acid.  A  given 
volume  of  nitrogen  and  three  times  that  volume  of  hydrogen 
combine  and  form  ammonia — a  gas  that  differs  greatly  from 
both  nitrogen  and  hydrogen. 

5.  It  is  supposed  that  each  molecule  of  an  element,  such 
as  hydrogen  or  oxygen,  is  composed  of  two  atoms.  It  is 
fiu'ther  supposed,  by  chemists,  that  at  a  given  pressure  and 
temperature  equal  volumes  of  all  gases,  whether  simple  or 
compound,  contain  the  same  number  of  molecules.  Thus,  a 
cubic  foot  of  hydrogen,  a  cubic  foot  of  air,  a  cubic  foot  of 
steam,  all  contain  the  same  number  of  molecules  at  the  same 
temperature  and  pressure. 

Suppose,  now,  that  a  cubic  foot  of  hydrogen  gas  is  allowed 
to  come  into  contact  with  a  cubic  foot  of  chlorine  gas 
(symbol,  CI),  The  mixture  is  exposed  to  heat  or  light,  and 
the  gases  combine.  The  process  of  combination  is  explained 
as  follows:  There  is  a  certain  attraction  or  affinity  between 
the  hydrogen  atoms  and  the  chlorine  atoms.  Under  the 
influence  of  heat  or  light,  this  attraction  becomes  so  strong 
that  the  two  atoms  composing  the  molecule  of  hydrogen  are 
torn  apart.  Likewise,  the  atoms  composing  a  molecule  of 
chlorine  separate.  Each  atom  of  chlorine  seizes  on  an  atom 
of  hydrogen  and  forms  a  molecule  of  an  entirely  new  gas, 
viz.,  hydrochloric-acid  gas.  Since  each  atom  of  chlorine 
takes  one  atom  of  hydrogen,  it  is  plain  that  the  number  of 
molecules  of  each  gas  must  be  the  same.  In  other  words, 
1  cubic  foot  of  chlorine  requires  1  cubic  foot  of  hydrogen 
to  combine  with  it;  these  gases  cannot  be  made  to  combine 
in  any  other  proportion.     For  example,  if  3  cubic  feet  of 
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chlorine  were  placed  in  contact  with  2  cubic  feet  of  hydro- 
gen, 4  cubic  feet  of  hydrochloric-acid  gas  would  be  formed, 
and  the  extra  cubic  foot  of  chlorine  would  still  remain 
chlorine.     The  symbol  for  hydrochloric-acid  gas  is  HCL 

Suppose,  now,  that  hydrogen  and  oxygen  are  placed  in 
contact  and  heated.  They  will  combine  and  form  steam  (or 
water);  but  it  will  be  found  that  each  atom  of  oxygen  seizes 
two  atoms  of  hydrogen  to  form  a  molecule  of  water,  and 
therefore  the  volume  of  hydrogen  must  be  double  the  volume 
of  the  oxygen  with  which  it  combines.  This  is  shown  by 
the  symbol  for  water,  which  is  H^0\  that  is,  a  molecule  of 
water  is  composed  of  two  atoms  of  hydrogen  to  one  of 
oxygen.  Similarly,  the  symbol  for  ammonia  is  NH^\  that 
is,  three  atoms  of  hydrogen  to  one  of  nitrogen.  Again, 
hydrogen  and  carbon  form  a  compound;  each  atom  of  carbon 
seizes  four  atoms  of  hydrogen  and  forms  a  molecule  of 
marsh  gas.     The  symbol  for  marsh  gas  is,  therefore,  C//*. 

6.  The  symbol  of  any  compound  indicates  how  the 
atoms  of  the  elements  combine  to  form  the  compound. 
Thus,  the  symbol  for  water,  H^O,  shows  that  two  atoms  of 
hydrogen  and  one  of  oxygen  unite  to  form  a  molecule  of 
water.  The  symbol  H^SO^  (sulphuric  acid)  shows  that  one 
molecule  of  the  sulphuric  acid  contains  two  atoms  of  hydro- 
gen, one  of  sulphur,  and  four  of  oxygen. 

7.  Combination  by  Wel^iit. — One  cubic  foot  of  hydro- 
gen combines  with  just  1  cubic  foot  of  chlorine.  But  on 
weighing  each  gas  it  is  found  that  the  cubic  foot  of  chlorine 
weighs  35.5  times  as  much  as  the  cubic  foot  of  hydrogen. 
A  cubic  foot  of  oxygen  weighs  16  times  as  much  as  a  cubic 
foot  of  hydrogen. 

At  a  given  pressure  and  temperature,  equal  volumes  of 
gases  contain  the  same  number  of  molecules;  therefore, 
1  cubic  foot  of  oxygen  must  contain  the  same  number  of 
atoms  as  1  cubic  foot  of  hydrogen.  Now,  since  the  former 
weighs  16  times  as  much  as  the  latter,  it  follows  that  an 
atom  of  oxygen  weighs  16  times  as  much  as  an  atom  of 
hydrogen.     Similarly,  an  atom  of  chlorine  weighs  35.5  times 
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as  much  as  an  atom  of  hydros^en.  This  ratio  between  the 
weis^ht  of  an  atom  of  any  element  and  the  weig:ht  of  an  atom 
of  hydrogen  is  called  the  atomic  wel^lit  of  the  element. 
The  atomic  weight  of  any  element  may  be  found  by  divi- 
ding the  weight  of  a  given  volume,  say  1  cubic  foot  of  the 
element  when  in  a  gaseous  state,  by  the  weight  of  1  cubic  foot 
of  hydrogen  when  both  are  at  the  same  temperature  and  pres- 
sure. The  atomic  weight  is,  therefore,  much  the  same  thing 
as  specific  gravity,  except  that  the  weight  of  hydrogen  is  used 
as  the  standard  of  comparison  instead  of  the  weight  of  water. 

8.  The  atomic  weights  of  the  elements  named  are: 
Hydrogen,  //,  1;  oxygen,  (9,  16;  nitrogen,  A^,  14;  car- 
bon, C,  12;    sulphur,  5",  32. 

By  the  aid  of  these  atomic  weights,  the  composition  of  any 
substance,  by  weight,  known  as  the  molecular  'weigrht,  can 
be  found  when  its  symbol  is  known.  The  molecular  weight 
may  be  defined  as  the  ratio  of  the  weight  of  a  molecule  of  a 
substance  to  the  weight  of  an  atom  of  hydrogen,  the  weight 
of  the  latter  being  taken  as  1.  Take  water,  symbol  1/^0;  that 
is,  there  are  two  atoms  of  //  to  one  of  O,  Multiply  the  num- 
ber of  atoms  of  each  by  the  atomic  weight  of  the  atom.    Thus, 

2x1=     2  parts  by  weight  of  hydrogen 
1  X  16  =  16  parts  by  weight  of  oxygen 

18  parts  by  weight  of  water 

2 
Hence,  the  water  is  composed  of        =  .1111  =  11.11  per 

1  fi 
cent,    of    hydrogen    and         =  .8889  =  88.89   per   cent,    of 

oxygen. 

As   another  example,   take  carbon   dioxide,    CO..     Then, 

1  atom    of  C  X  atomic  weight,  12=12  parts  by  weight  of  C 

2  atoms  of  O  X  atomic  weight,  16  =  82  parts  by  weight  of  O 

44  parts  by  weight  of  C6>, 

12 
Hence,  C0»  contains  -—  =  .2727  =  27.27  per  cent,  carbon, 

44 

82 
and  '      =   .7278  =  72.73    per   cent,    oxygen.      From    these 

44 
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examples,  it  is  plain  that  the  molecular  weight  of  water  is  18 
and  of  carbon  dioxide  44. 

9.  Mixtures. — Two  or  more  substances,  either  elements 
or  compounds,  may  be  mixed  together  and  yet  not  combine 
to  form  a  new  substance.  They  are  then  said  to  form  a 
mixture.  The  mixture  has  the  properties  of  the  substances 
composing  it.  The  most  familiar  example  of  a  mixture  is 
ordinary  air.  It  is  composed  of  oxygen  and  nitrogen,  23 
parts,  by  weight,  of  the  former  to  77  parts,  by  weight,  of  the 
latter.  The  two  gases  are  not  combined  chemically;  they 
are  simply  mixed. 

ELEMENTS    OF    COMBUSTION 

10.  Definitions. — Combustion  is  a  very  rapid  chemi- 
cal combination.  The  atoms  of  some  of  the  elements  have  a 
very  great  affinity  or  attraction  for  those  of  other  elements, 
and  when  they  combine  they  rush  together  with  such  rapidity 
and  force  that  ,heat  and  light  are  produced.  Oxygen,  for 
example,  has  a  great  attraction  for  nearly  all  the  other  ele- 
ments. An  atom  of  oxygen  is  ready  to  combine  with  almost 
any  substance  with  which  it  comes  in  contact.  For  carbon, 
oxygen  has  a  particular  liking,  and  whenever  these  two 
elements  come  in  contact  at  a  sufficiently  high  temperature, 
they  combine  with  great  rapidity.  The  combustion  of  coal 
in  the  furnace  of  a  boiler  is  of  this  nature.  The  temperature 
of  the  furnace  is  raised  by  kindling  the  fire,  and  then  the 
carbon  of  the  coal  begins  to  combine  with  oxygen  taken 
fro^n  the  air.  The  combination  is  so  rapid  and  violent  that 
a  great  quantity  of  heat  is  given  out. 

The  elements  that  enter  into  combustion  are  oxygen  and, 
usually,  either  carbon  or  hydrogen.  Coal,  wood,  and  other 
fuels  are  composed  almost  entirely  of  these  three  elements. 
Combustion  is,  therefore,  a  rapid  chemical  combination  of 
oxygen  with  either  carbon  or  hydrogen,  or  both. 

11.  When  carbon  and  oxygen  combine  they  form  CO,, 
or  carbon  dioxide;  when  hydrogen  and  oxygen  combine 
they  form  water,  HtO     These  are  called  the  products  of 
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combustion.  When,  as  is  ordinarily  the  case,  the  oxys^en 
is  obtained  from  the  air,  the  nitrogen  of  the  air  passes  into  the 
furnace  with  the  oxygen.  It  takes  no  part  in  the  combustion, 
but  passes  through  the  furnace  and  up  the  smokestack  with 
the  CO^  without  any  change  in  its  nature;  it  is,  however, 
usually  called  a  product  of  combustion  in  air, 

12.  Weight  and  Volume  of  Air  Required  for  Com- 
bustion.— Carbon  dioxide,  CO.,  is  composed  by  weight  of 
12  parts  of  carbon  and  32  parts  of  oxygen.    Hence,  to  burn  a 

32 
pound  of  carbon  requires         =  2f  pounds  of  oxygen.     If 

the  oxygen  is  taken  from  the  air,  it  will  take  2i  -j-  .23 
=  11.6  pounds  of  air  to  supply  the  2f  pounds  of  oxygen. 
This  is  because  only  23  per  cent,  of  air  is  oxygen.  The  com- 
bustion of  a  pound  of  carbon  may  be  represented  as  follows: 

Elements  Products 

1.0  pound  carbon    .       1.00  pound  carbon    .!««.,  ,    ^^ 

r  o  c  J  X  «^"'  pounds  L(J% 

11  6  pounds  air  \  Pounds  oxygen  .  J 

'    ^  '       *  I  8-93  pounds  nitrogen      8.93  pounds  nitrogen 

12^  12.60  12^ 

That  is,  1  pound  of  carbon  requires  11.6  pounds  of  air  for 
complete  combustion.  Of  this  air,  2.67  pounds  is  oxygen, 
which  combines  with  the  pound  of  carbon,  forming  8.67  pounds 
of  carbon  dioxide.  The  8.93  pounds  of  nitrogen  contained  in 
the  air  passes  off  with  the  CO.  as  a  product  of  combustion. 

Take,  next,  the  complete  combustion  of  1  pound  of  hydro- 
gen. The  product  of  the  combustion  is  water,  H^O,  which 
is  composed,  by  w^eight,  of  2  parts  hydrogen   to  16  parts 

1  n 

oxygen.     Hence,  1  pound  of  H  requires  -     =  8  pounds  of  O 

to  unite  with  it.  The  air  required  to  furnish  8  pounds  of  O 
is  8  -i-  .23  =  34.8  pounds.  The  process  of  combustion  is, 
therefore,  as  follows: 

Elements  Products 

1     pound  hydrogen     1      pound  hydrogen!    „  ,         ^      ,  wt  ^\ 

^  ro  ,}^     pounds  water  (HtO) 

«...  -       .  18      pounds  oxygen    J 

34.8  pounds  air  .    .    .  s .»,.  ^  ,       ./  o..  o  i 

'  l2(>.H  i)()unds  nitrogen    2(>.8  pounds  nitrogen 

35.8  35.b  35T8 
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13«  There  is  one  other  case  that  may  occur;  the  com- 
bustion of  carbon  may  not  be  complete.  If  insufficient  air 
or  oxygen  is  supplied  to  the  burning  carbon,  it  is  possible 
for  the  carbon  and  oxygen  to  form  another  gas,  carbon 
monoxide,  CO,  instead  of  carbon  dioxide,  CO^, 

The  combustion  of  1  pound  of  carbon  to  form  COy  of 
course,  requires  only  one-half  the  oxygen  that  would  be 
necessary  to  form  C(9,.  This  is  because  in  CO  gas  one  atom 
of  carbon  seizes  one  atom  of  oxygen  instead  of  two  atoms. 
To  burn  1  pound  of  carbon  to  CO,  requires  11.6  pounds  of 
air;  to  burn  it  to  CO  will,  therefore,  require  but  5.8  pounds 
of  air. 

14.  The  quantities  of  air  required  for  combustion  are 

shown  in  the  following  scheme: 

1  Pound  Air  at  62*»  Product  of 

Combustion 

{Water 
N't 

Carbon  burned      ,-  ^  ,  -^«       ._.     #    .     [Carbon  dioxide 

,     ^^  11.6  pounds,  or  lo2  cubic  feet     <  ...^ 

to  COt  ...  ^  I  Nitrogen 

Carbon  burned       .  «  j  ^/,       t..     *    .     [Carbon  monoxide 

^     ^^  5.8  pounds,  or     /6  cubic  feet     <  ...^ 

to  CO  .   .   .  *^  I  Nitrogen 

15.  The  fuels  in  common  use  are  composed  chiefly  of 
carbon,  with  sometimes  a  small  percentage  of  hydrogen, 
oxygen,  and  incombustible  matter  called  ash.  When  the 
percentages  of  carbon  and  hydrogen  are  known,  the  air 
required  for  the  combustion  of  1  pound  of  the  fuel  is  easily 
found.  For  example,  suppose  that  a  certain  coal  is  91  per 
cent,  carbon  and  9  per  cent,  hydrogen.  To  bum  the  carbon 
requires  152  X  .91  =  138.32  cubic  feet  of  air;  to  burn  the 
hydrogen  requires  457  X  .09  =  41.13  cubic  feet  of  air. 
Hence,  to  burn  1  pound  of  the  fuel  requires  138.32 -f  41.13 
=:  179.45  cubic  feet  of  air. 

From  this  the  following  rule  is  derived: 

Rule.  —  To  find,  in  cubic  feet y  the  quantity  of  air  at  62^  F, 
required  to  burn  1  Pound  of  a  j^iven  fuel,  multiply  the  percentage 
of  carbon  by  152,  and  the  percentage  of  hydrogen  by  457,  Add 
the  two  products. 
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Or,  A  ^  152  C+i57H 

where  A  =  air,  in  cubic  feet; 

C  =  percentage  of  carbon,  expressed  decimally; 
H  =  percentage  of  hydrogen,  expressed  decimally. 

Example  1. — How  many  cubic  feet  of  air  are  required  to  bum 
1  pound  of  coal  containing  S4  per  cent,  carbon,  6  per  cent,  hydrogen, 
7  per  cent,  otygen,  and  4  per  cent,  ash? 

Solution. — Applying  the  rule, 

A  =  152X  M-\-  457  X  .05  =  150.53  cu.  ft.    Ans. 

Example  2. — How  many  cubic  feet  of  air  are  required  to  bum 
1  pound  of  coal  oil  containing  88  per  cent,  carbon,  11  per  cent,  hydro- 
gen, and  1  per  cent,  oxygen? 

Solution. — Applying  the  rule, 

-r4  =  152  X  .88  -f  457  X  .11  =  184.03  cu.  ft.    Ans. 

When  the  fuel  already  contains  oxygen,  a  little  less  air 
than  given  by  the  rule  is  required  to  burn  it;  if  it  contains 
sulphur,  a  little  more  air  will  be  required.  In  either  case, 
the  difference  is  very  slight.  It  will  be  found  that  1  pound 
of  coal  requires  practically  the  same  amount  of  air,  whether 
it  be  anthracite  or  bituminous.  Roughly  speaking,  it  requires 
about  12  pounds,  or  160  cubic  feet,  of  air  to  burn  1  pound  of 
carbon  or  coal.  If  less  air  is  supplied,  the  combustion  is 
imperfect;  that  is,  the  carbon  burns  to  CO  instead  of  CO.. 

16.  Heat  of  Combustion. — The  quantity  of  heat  devel- 
oped by  the  complete  combustion  of  a  pound  of  fuel  is  known 
as  its  lieat  of  combustion,  and  also  as  its  heating  value ^ 
heating  Power ^  calorific  poiver,  or  calorific  value.  The  quanti- 
ties of  heat  produced  by  the  complete  combustion  of  the  ele- 
ments composing  the  fuels  have  been  found  by  experiment. 
They  are:  Hydrogen,  62,000  British  thermal  units  per 
pound;  carbon  burned  to  CO^^y  14,600  British  thermal  units 
per  pound;  carbon  burned  to  CO,  4,400  British  thermal 
units  per  pound;  sulphur,  4,000  British  thermal  units  per 
pound.  When  a  fuel  contains  oxygen,  the  oxyjjen  during 
combustion  will  unite  with  one-eighth  its  weight  of  hydrogen 
and  form  water,  II^O,  thus  reducing  the  heat  of  combustion 
of  the  hydrogen.  Suppose  a  fuel  contains,  by  weight,  85  per 
cent,  carbon,  4  per  cent.  oxyg:en,  6  per  cent,  hydrogen,  1  per 
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cent,  sulphur,  and  4  per  cent.  ash.  The  total  heat  of  com- 
bustion of  a  pound  of  this  fuel  is  found  thus:  The  heat  of 
combustion  of  the  carbon  is  14,600  X  .86  =  12,410  British 
thermal  units.  The  heat  of  combustion  of  the  hydrogen, 
remembering  that  the  oxygen  present  combines  with  one- 


eighth  of  its  weight  of  hydrogen,  is  62,000  X 


(.06  -  f ) 


=  3,410  British  thermal  units.  The  heat  of  combustion  of 
the  sulphur  is  4,000  X  .01  =  40  British  thermal  units.  Then, 
the  total  heat  of  combustion  is  12,410  -f  3,410  +  40  =  15,860 
British  thermal  units.  Expressing  this  in  the  form  of  a  rule, 
Dulong^s  rule  is  obtained,  which  is  as  follows: 

Rule. — To  find  the  heat  of  combustion  of  a  pound  of  a  given 
fuel,  multiply  14,600  by  the  Percentage  of  carbon;  divide  the  Per- 
callage  of  oxygen  by  8,  subtract  the  quotient  from  the  percentage 
of  hydrogen,  and  multiply  62,000  by  the  remainder;  multiply 
4,000  by  the  Percentage  of  sulphur,  and  add  the  three  products. 

Or,      X  =  14,600  C  +  62,000  ///-  ^W  4,000  5 


(-?) 


where  X  =  heat  of  combustion  per  pound,  in  British  thermal 

units; 
C  =  percentage  of  carbon,  expressed  decimally; 
H  =  percentage  of  hydrogen,  expressed  decimally; 
O  =  percentage  of  oxygen,  expressed  decimally; 
5"  =  percentage  of  sulphur,  expressed  decimally. 

Example. — What  is  the  heat  of  combustion  of  a  pound  of  fuel  con- 
taining 66  per  cent,  carbon,  8  per  cent,  oxygen,  8  per  cent,  hydrogen, 
2  per  cent,  sulphur,  and  16  per  cent,  ash? 

Solution. — Applying  the  rule, 

X  =  14,600  X  .66  +  62,000  ^.08  -    —)  +4,000  X  .02 

=  14,a56  B.T.U.    Ans. 

17.  Maximum  Evaporation. — It  requires  966.1  British 
thermal  units  to  evaporate  1  pound  of  water  at  212°  F.  into 
steam  of  the  same  temperature  and  corresponding  pressure. 
Then,  the  greatest  weight  of  water,  that  is,  the  theoretical 
weight,   that  can  be   evapc»rated   from   and  at  212°  F.  by  a 
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pound  of  a  given  fuel  is  found  by  dividing  its  heat  of  com- 
bustion per  pound  by  966.1. 

Example. — How  many  pounds  of  water  can  be  evaporated,  theo- 
retically, by  a  pound  of  coal  whose  heat  of  combustion  is  13,897  British 

thermal  units? 

13  897 
Solution. — Evaporation  =      '^.r  =  14.38  lb.    Ans. 

9D0.1 

18.  Temperature  of  Combustion. — Making  no  allow- 
ance for  losses  of  heat,  and  supposing  that  just  enough  air  is 
furnished  for  the  combustion,  burning  carbon  should  have  a 
temperature  of  about  4,940°  F.  above  zero;  burning  hydrogen 
should  have  a  temperature  of  about  5,800°  F.  above  zero. 
In  practice,  these  temperatures  are  never  attained,  on  account 
of  the  losses  of  heat.  Usually,  the  quantity  of  air  admitted 
to  the  furnace  is  from  50  to  100  per  cent,  more  than  is  theo- 
retically necessary  for  the  combustion.  This  extra  quantity 
of  air  enters  at  a  temperature  of  60°  F.  or  70°  F.,  and  escapes 
up  the  smokestack  at  a  temperature  of  from  400°  F.  to  600°  F. 
A  large  quantity  of  heat  is  thus  wasted  and  the  temperature 
of  the  fire  is  greatly  lowered.  When  the  fire  is  outside  the 
boiler  and^the  furnace  is  surrounded  by  brickwork,  the  furnace 
temperature  may  be  2,500°  F.  or  3,000°  F.,  but  when  the 
furnace  is  inside  the  boiler  and  is  surrounded  on  all  sides  by 
water,  the  temperature  rarely  rises  above  2,000°  F.,  and  is 
usually  less.  A  high  temperature  is  desirable,  since  the  water 
of  the  boiler  will  take  up  heat  much  faster  at  high  furnace 
temperatures  than  at  low  furnace  temperatures;  combustion 
is  also  more  perfect  at  high  temperatures. 


EXAMPLES    FOR    PRACTICE 

1.  How  many  pounds  of  air  will  be  required  for  the  perfect  com- 
bustion of  7  pounds  of  carbon?  Ans.  81.2  lb. 

2.  A  fuel  is  88  per  cent,  carbon  and  12  per  cent,  hydrogen;  how 
many  cubic  feet  of  air  are  required  for  the  complete  combustion  of 
1  pound  of  the  fuel.?  Ans.  188.6  cu.  ft. 

3.  (a)  How  many  British  thermal  units  would  the  combustion  of  the 
pound  of  fuel  of  example  2  give  out?  (d)  How  many  pounds  of  water  at 
212°  F.  would  1  pound  of  this  fuel  evaporate? 

((/)   20,288  B.  T.  U. 

(d)  21  lb. 


Ans.< 
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(4)  The  chemical  symbol  of  the  product  of  combustion  of  sulphur 
Dvith  oxygen  is  SOt  (sulphurous  oxide) ;  what  is  the  composition  of  this 
gas  by  weight?  .        f  Sulphur,  60  per  cent. 

*\ Oxygen,  50  per  cent. 

(5)  Assume  that,  with  ordinary  draft,  double  the  theoretical  quan- 
tity of  air  is  used  to  burn  a  fuel;  how  many  cubic  feet  of  air  will  be 
required  to  burn  115  pounds  of  coal,  the  chemical  composition  being 
H,  5  parts;  C,  90  parts;  O,  3  parts;  and  ash,  2  parts;  total,  100  parts. 

Ans.  36,719.5  cu.  ft. 

6.  What  is  the  heat  of  combustion  of  a  pound  of  coal  having  the 
composition  mentioned  in  example  5?  Ans.  16,007.5  B.  T.  U. 


FUELS  AND  THEIR  COMBUSTION 


KINDS    OF    rUEL« 

19,  Coal. — The  fuels  ordinarily  used  in  marine  work  in 
the  generation  of  steam  are  coal,  wood,  and  oil.  A  promi- 
nent authority,  Mr.  William  Kent,  divides  coal  into  four 
leading  varieties,  as  follows: 

1.  Anthracite,  which  contains  from  92.31  to  100  per  cent, 
of  fixed  carbon  and  from  0  to  7.69  per  cent,  of  volatile  hydro- 
carbons. 

.  2.  Semianthracite,  which  contains  from  87.5  to  92.31  per 
cent,  of  fixed  carbon  and  from  7.69  to  12.5  per  cent,  of  volatile 
hydrocarbons. 

3.  Semibituminous  coal,  which  contains  from  75  to  87.5 
per  cent,  of  fixed  carbon  and  from  12.5  to  25  per  cent,  of 
volatile  hydrocarbons. 

4.  Bituminous  coal,  which  contains  from  0  to  75  per  cent, 
of  fixed  carbon  and  from  25  to  100  per  cent,  of  volatile 
hydrocarbons. 

20.  Anthracite  is  rather  hard  to  ignite  and  requires  a 
strong  draft  to  burn  it.  This  coal  is  quite  hard  and  shiny. 
In  color,  it  is  a  grayish  black,  and  burns  with  almost  no 
smoke;  this  fact  gives  it  a  peculiar  value  in  places  where 
smoke  is  objectionable. 

Anthracite  is  known  to  the  trade  by  different  names, 
according  to   the   size   into    which    the    lumps    are   broken. 
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These  names,  with  the  generally  accepted  dimensions  of  the 
screens  over  and  through  which  the  lumps  of  coal  will  pass, 
are: 

Culm  passes  through  A-inch  round  mesh. 

Rice  passes  over  A-inch  mesh  and  through  |-inch  square 
mesh. 

Buckwheat  passes  over  |-inch  mesh  and  through  i-inch 
square  mesh. 

Pea  passes  over  i-inch  mesh  and  through  l-inch  square 
mesh. 

Chestnut  passes  over  i-inch  mesh  and  through  li-inch 
square  mesh. 

Stove  passes  over  If-inch  mesh  and  through  2-inch  square 
mesh. 

Egg  passes  over  2-inch  mesh  and  through  2}-inch  square 
mesh. 

Broken  passes  over  2i-inch  mesh  and  through  3i-inch 
square  mesh. 

Steamboat  passes  over  3»-inch  mesh  and  out  of  screen. 

Lump  passes  over  bars  set  from  3i  to  5  inches  apart. 

21.  Seniianthraeite  kindles  easily  and  bums  more 
freely  than  the  true  anthracite;  hence,  it  is  highly  esteemed 
as  a  fuel.  It  crumbles  readily,  and  may  be  distinguished 
from  anthracite  by  the  fact  that  when  just  fractured  it  will 
soil  the  hand,  while  anthracite  will  not.  It  bums  with  very 
little  smoke.  Semianthracite  is  broken  into  different  sizes 
for  the  market;  these  sizes  are  the  same,  and  are  known  by  the 
same  trade  names,  as  the  corresponding  sizes  of  anthracite. 

22.  Sem! bituminous  coal  differs  from  semianthracite 
only  in  having  a  smaller  percentage  of  fixed  carbon  and  more 
volatile  hydrocarbons.  Its  physical  properties  are  practi- 
cally the  same,  and  since  it  burns  without  the  smoke  and 
soot  emitted  by  bituminous  coal,  it  is  a  valuable  steam  fuel. 

23.  Bituminous  coal  may  be  broadly  divided  into  three 
general  classes: 

1.  Cakhtg  Coal, — This  name  is  given  to  coals  that,  when 
burned  in  the  furnace,  swell  and  fuse  together,  forming  a 
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spongy  mass  that  may  cover  the  whole  surface  of  the  g:rate. 
These  coals  are  difficult  to  burn,  since  the  fusing  prevents 
the  air  passing  freely  through  the  bed  of  burning  fuel;  when 
caking  coals  are  burned,  the  spongy  mass  must  be  frequently 
broken  up  with  the  slice  bar,  in  order  to  admit  the  air  needed 
for  its  combustion. 

2.  Free-Burning  CoaL — This  is  often  called  non-caking 
coaly  from  the  fact  that  it  has  no  tendency  to  fuse  together 
when  burned  in  a  furnace, 

3.  Cannel  CoaL — This  is  a  grade  of  bituminous  coal  that 
is  very  rich  in  hydrocarbons.  The  large  percentage  of  vola- 
tile matter  makes  it  valuable  for  gas  making,  but  it  is  little 
used  for  the  generation  of  steam,  except  near  the  places 
where  it  is  mined. 

Bituminous  and  semibituminous  coals  are  known  to  the 
trade  by  the  following  names: 

Lump,  which  includes  all  coal  passing  over  screen  bars 
li  inches  apart. 

Nut,  which  passes  over  bars  i  inch  apart  and  through  bars 
la  inches  apart. 

Pea,  which  passes  over  bars  i  inch  apart  and  through  bars 
\  inch  apart. 

Slack,  which  includes  all  coal  passing  through  bars  i  inch 
apart.   . 

24.  Liigrnite  may  be  classified  as  coming  under  the 
general  head  of  bituminous  coal.  Properly  speaking,  lignite 
occupies  a  position  between  peat  and  bituminous  coal,  being 
probably  of  a  later  origin  than  the  latter.  It  has  an  uneven 
fracture  and  a  dull  luster.  The  value  of  lignite  as  a  steam 
fuel  is  limited,  since  it  will  easily  break  in  transportation. 
Exposure  to  the  weather  causes  lignite  to  absorb  moisture 
rapidly,  when  it  will  crumble  quite  readily.  Lignite  is  non- 
caking  and  yields  but  a  moderate  heat,  and  is  in  this  respect 
inferior  to  even  the  poorer  grades  of  bituminous  coal. 

25,  The  heat  of  combustion  of  coal  depends  entirely 
on  its  chemical  composition,  and  as  this  varies  between 
wide  limits,   the  heat  of   combustion  also   varies  between 
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corresponding  limits.  Thus,  a  sample  of  Arkansas  lignite 
had  a  value  of  9,215  British  thermal  units  per  pound;  a 
sample  of  Kentucky  cannel  coal,  15,198  British  thermal  units 
per  pound;  a  sample  of  Pennsylvania  coal  from  Monongahela, 
14,130  British  thermal  units  per  pound. 

26.  Wooil. — Steamers  navigating  rivers  flowing  through 
localities  where  wood  is  abundant  and  coal  either  very  scarce, 
unobtainable,  or  very  high  priced,  often  use  wood  for  steam 
making.  The  heating  value  of  the  different  woods  varies 
but  little  when  dried;  1  pound  of  wood  may  be  estimated  to 
be  equal  in  steam-making  capacity  to  about  .4  pound  of 
ordinary  coal.  Naturally  the  heating  value  of  wood  varies 
considerably  with  its  condition;  thus,  when  full  of  sap,  as 
when  a  live  tree  has  just  been  cut  up,  its  heating  value  is 
much  less  than  when  the  largest  part  of  the  moisture  has 
been  driven  off  by  seasoning  the  wood  or  artificially  drying  it. 

27,  Mineral  Oil. — The  mineral  oil  known  as  petroleum 
is  occasionally  used  in  marine  work  as  a  fuel,  and  as  such 
has  many  advantages  over  coal.  The  universal  use  ot  oil, 
however,  is  prevented  chiefly  by  the  limited  supply,  and  to 
some  extent  by  its  high  price,  except  under  especially  favor- 
able conditions.  The  advantages  of  oil  as  a  fuel  in  marine 
work  are  as  follows:  Reduced  weight  and  space  per  horse- 
power; decreased  number  of  firemen;  reduction  in  time 
required  for  raising  steam;  instantaneous  lighting  and 
extinguishment  of  the  fire;  ready  adjustment  of  the  fire  to 
suit  the  demand  for  steam;  absence  of  ashes  and  smoke. 
The  disadvantages  are:  Loss  of  fuel  by  evaporation;  danger 
of  explosion;  unpleasant  odors;  difficulty  of  obtaining  a 
supply  everywhere;    comparatively  high  price. 

The  chemical  composition  of  oil,  like  that  of  coal,  varies 
through  a  considerable  range,  but  the  following  may  be  con- 
sidered as  average:  carbon,  84  to  H8  per  cent.;  hydrogen, 
11  to  14  per  cent.;  and  oxygen,  .1  to  1.5  per  cent.  The 
specific  gravity  at  32°  F.  is  approximately  .9,  and  the 
average  calorific  value,  or  heating  power,  may  be  taken  at 
20,000    British    thermal    units    per   pound    of    oil.     If   it   is 
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assumed*  that  good  coal  on  an  average  will  develop  14,000 

British  thermal  units  per  pound,  it  is  plain  that  1  pound  of 

20  000 
oil  is  equivalent  to  777;^  =1.4  pounds,  nearly,  of  coal  in 

heating  value.  There  are  features  of  oil  burning  that  modify 
the  above  relative  value  and  often  turn  the  balance  in  favor 
of  the  use  of  coal,  but  so  far  as  the  actual  quantity  of  heat 
produced  is  concerned,  it  may  be  safely  stated  that  oil  yields 
about  40  per  cent,  more  than  an  equal  weight  of  coal. 


COMBUSTION    OF    COAL. 

28.  Systems  of  Firing:. — The  management  of  the  fire 
or  fires  used  in  generating  steam  is  known  as  firing:.  The 
style  of  firing  to  be  adopted  in  any  given  case  depends 
largely  on  the  conditions  present,  such  as  the  kind  of  fuel 
used,  the  intensity  of  the  draft,  the  demand  for  steam,  etc. 

There  are  three  methods  of  hand  firing,  known  as  coking 
firings  spreading  firing,  and  alternate  firing,  in  common  use. 
Each  of  these  methods  has  advantages  peculiar  to  itself,  and 
none  is  applicable  to  all  cases  and  all  conditions,  that  is,  if 
economy  in  the  generation  of  steam  is  an  object. 

29.  The  coking:  system  of  firing  is  especially  adapted 
to  bituminous  coals  that  are  rich  in  volatile  matter.  The 
coal  is  first  piled  on  the  dead  plate  near  the  door  and  there 
allowed  to  coke.  After  coking  from  20  to  30  minutes,  the 
hydrocarbons,  that  is,  the  volatile  constituents  of  the  coal 
that  can  be  distilled  or  driven  off  by  heat,  will  have  been 
driven  off.  The  coke  is  then  pushed  toward  the  bridge  and 
distributed  evenly  over  the  fire.  A  new  charge  of  coal  is 
immediately  heaped  on  the  dead  plate. 

This  is  one  of  the  most  economical  methods  of  burning 
bituminous  coal;  if  properly  managed,  it  will  give  excellent 
results  in  regard  to  the  prevention  of  smoke.  In  order  to 
get  good  results,  the  furnace  door  should  be  perforated  and 
a  suitable  damper  fitted  for  opening  and  closing  the  per- 
forations. The  air  admitted  in  jets  through  the  openings 
mixes  intimately  with  the  gases  formed;  the  mixture  passes 
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to  the  rear  over  the  bed  of  burning  coke  on  the  grate,  where 
the  temperature  is  high  enough  to  secure  their  ignition  and 
complete  the  combustion  before  they  are  chilled  by  contact 
with  the  cold  surfaces  of  the  boiler  and  tubes.  To  secure 
success  with  this  method,  the  coal  should  be  charged  in 
small  quantities  and  allowed  to  remain  on  the  dead  plate 
until  it  is  as  thoroughly  coked  as  possible;  30  minutes  will, 
in  general,  be  sufficient.  As  a  matter  of  course,  actual  trial 
in  each  and  every  case  will. have  to  determine  the  proper 
length  of  time.  Large  lumps  that  will  coke  slowly  must  be 
broken  up;  if  the  coal  cakes  badly  in  coking,  the  crust  thus 
formed  must  be  broken  with  the  slice  bar  from  time  to  time, 
so  as  to  secure  the  complete  removal  of  the  hydrocarbons. 
The  size  of  the  grate  and  the  intensity  of  the  draft  should  be 
such  that  the  coke  will  be  burned  at  as  high  a  rate  of  com- 
bustion, per  square  foot  of  grate  surface,  as  the  conditions 
will  permit.  This  results  in  a  high  furnace  temperature, 
which  promotes  complete  combustion  of  the  gases. 

Coking  firing  is  best  adapted  for  cases  where  the  demand 
for  steam  is  moderately  regular,  since  with  coking  firing 
it  is  somewhat  difficult  to  force  the  boiler  when  there  is  a 
sudden  and  heavy  demand  for  steam.  Coking  firing  should 
never  be  adopted  for  anthracite. 

30.  The  spreadl  n^  system  of  firing  consists  of  covering 
the  whole  of  the  grate  evenly  with  the  fresh  charge  of  coal, 
and  is  the  system  in  most  common  use.  While  good  results 
can  be  obtained  by  it,  if  the  firing  is  done  skilfully,  the  spread- 
ing system  is  not  particularly  to  be  recommended  either  for 
economical  or  for  smokeless  combustion.  Best  results  will 
be  obtained  from  the  spreading  system  by  firing  light  charges 
at  frequent  intervals.  The  habit  of  covering  the  incandescent 
coke  on  the  grate  with  a  thick  layer  of, fresh  coal  naturally 
results  in  a  lowering  of  the  furnace  temperature  far  below 
the  ignition  point  of  the  hydrocarbons  driven  off.  In  conse- 
quence, there  is  an  enormous  waste  of  heat,  and  with  bitumi- 
nous coal,  vast  quantities  of  black  smoke  are  produced.  To 
prevent  this  heat  loss,  the  firing  must  be  light  and  frequent. 
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The  spreading  system  is  best  adapted  to  anthracite  in  sizes 
larger  than  pea. 

31.  In  the  alternate  system  of  firing,  the  coal  is  thrown 
alternately  on  each  side  of  the  furnace;  at  one  firing  one  side 
of  the  grate  is  spread  with  coal,  and  at  the  next  firing  the 
other  side  receives  the  charge.  This  method  is  preferable  to 
the  spreading  system  in  that  the  whole  of  the  furnace  is  not 
cooled  off  »t  once  by  the  fresh  fuel.  While  it  keeps  a  bright 
bed  of  fuel  in  one  side  of  the  furnace  and  tends  to  keep  the 
average  temperature  of  the  furnace  nearly  constant,  it  cannot 
be  recommended  as  being  the  best  method  for  securing  com- 
plete combustion  of  the  hydrocarbons  that  form  a  valuable 

.  constituent  of  bituminous  coal.  The  gases  from  the  freshly 
fired  coal,  instead  of  being  passed  over  the  bright  bed  of  fuel 
on  the  other  side  of  the  furnace,  are  likely  to  pass  directly  to 
the  smokestack  without  being  sufficiently  heated  to  secure 
their  ignition  and  complete  combustion.  For  both  bitumi- 
nous and  anthracite  coals,  the  alternate  system  of  firing  is 
preferable  to  the  spreading  system,  however,  since  gas 
explosions  in  the  furnace  are  not  as  likely  to  occur  as  when 
the  latter  system  is  used. 

32.  Ga^  Explosions. — Explosions  of  the  gases  in  the 
furnace,  commonly  called  back  drafts  occur  usually  with  small 
coal  and  are  the  result  of  careless  firing.  When  the  smaller 
sizes  of  anthracite  or  bituminous  coal  are  burned  with  thiB— 
spreading  system,  and  when  a  heavy  charge  is  put  into  the 
furnace,  it  frequently  happens  that  an  explosive  mixture  of 
air  and  gas  is  formed,  which  needs  but  a  spark  to  ignite  it: 
Owing  to  the  interstices  between  the  pieces  of  coal  being 
small  and  tortuous,  especially  with  the  smaller  coals,  the 
hydrocarbons  driven  off  from  the  heavy  charge  are  not  ignited 
as  rapidly  as  formed,  and  hence  collect  and  mix  with  the  air 
above  the  grate,  forming  an  explosive  mixture  if  the  con- 
ditions are  favorable.  All  danger  of  a  gas  explosion  is 
obviated  if  the  firing  is  done  very  lightly,  or  if  the  alternate 
system  is  adopted,  or  if  some  part  of  the  fire  is  left  uncovered 
when  putting  in  fresh  coal,  thus  igniting  the  hydrocarbons  as 
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quickly  as  they  are  distilled  off.  The  smaller  the  size  of  the 
coal,  the  greater  is  the  liability  of  a  gas  explosion,  with 
a  heavy  charge  fired  spreading.  With  coals  of  sizes  larger 
than  pea,  there  is  little  danger  of  an  explosion  when  fired 
spreading,  except  when  fired  thick  instead  of  light. 

33.  Thickness  of  Fire. — The  thickness  of  the  fire  in  a 
furnace  depends  to  a  large  extent  on  the  draft,  the  nature 
and  the  quality  of  the  fuel,  the  size  of  the  grate,  and  the  rate 
of  combustion  required.  As  a  general  rule,  the  stronger  the 
draft,  the  thicker  the  fire  can  be.  Where  a  high  rate  of  com- 
bustion is  required  with  ordinary  natural  draft,  it  may  often 
be  attained  by  a  thin  fire  and  frequent,  light  charges  of  fresh 
coal.  It  is  claimed  that  this  is  not  the  most  economical  way 
of  firing,  because  the  cold  air  rushing  into  the  furnace  when- 
ever the  fire-door  is  open  for  charging  the  fire  reduces  the 
temperature  of  the  furnace  and  of  the  gases  in  combustion, 
and  consequently  reduces  the  evaporation.  For  instance,  let 
10  pounds  of  coal  be  burned  per  square  foot  of  grate  surface 
per  hour,  evaporating  100  pounds  of  water.  Then,  if 
20  pounds  of  coal  be  burned  on  the  same  area  in  the  same 
time,  instead  of  evaporating  twice  the  amount  of  water,  that 
is,  200  pounds,  the  actual  evaporation  will  probably  be  about 
170  or  180  pounds.  The  average  thickness  of  the  fire  varies 
from  8  to  14  inches. 

34.  Fire-Tools. — The  special  tools  used  in  working  the 
fires  are  shown  in  Fig.  1.  The  slice  bar,  shown  at  Ay  is 
made  of  1-inch  or  li-inch  round  iron,  about  8  feet  long,  one 
end  of  it  being  flattened  and  a  handle  formed  at  the  other 
end.  This  tool  is  employed  for  breaking  up  the  crust  formed 
at  the  surface  of  the  fire  when  bituminous  coal  is  used.  The 
heat  of  the  fire  fuses  the  fresh  charge  of  coal  in  a  short 
time,  thus  keeping  a  sufficient  supply  of  air  from  passing 
through  the  grate.  About  ten  minutes  after  charging  the 
fire,  the  slice  bar  is  run  into  the  fire  on  the  surface  of  the 
grate,  and,  by  depressing  the  end  of  the  bar  outside  the  fur- 
nace, the  fire  is  broken  up.  This  operation  is  called  siichig 
the  fire. 
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The  T  bar,  shown  at  By  is  a  slice  bar  with  a  broad,  flat 
point,  and  is  used,  when  firing  anthracite,  for  breaking  up  ' 
the  clinkers  and  cinders  lying  on  the  grate.     It  is  merely 
run  along  the  top  of  the  grate  the  whole  length,  this  opera- 
tion facilitating  the  admission  of  air  to  the  fire. 

The  hoe,  made  of  8-inch  bar  iron,  is  shown  at  C;  generally 
two  are  used — a  heavy  hoe  with  a  broad  end,  and  a  lighter 
one.  The  lighter  one  is  used  for  leveling  the  fire;  the 
heavier  one  in  cleaning  the  fire  and  ash-pit. 

The  usual  construction  of  the  poker  is  shown  at  Z>.  A 
handle  is  formed  at  one  end;  the  other  end  is  enlarged  and 
is  rectangular  in  cross-section.     It  is  provided  with  a  slot 
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D 
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for  the  insertion  of  the  blade,  which  is  shown  enlarged  at  E, 
These  blades  are  usually  -h  inch  thick  by  li  inches  wide, 
and  about  8  inches  long,  and  are  forged  to  the  shape 
shown  at  F,  A  number  of  these  blades  are  carried  in 
stock,  and  are  inserted  when  required  by  driving  out  the 
taper  key,  thus  allowing  the  old  blade  to  be  removed  and 
a  new  one  inserted;  the  key  is  then  driven  home,  locking 
the  blade  in  position.  This  tool  is  used  for  cleaning  the 
space  between  the  grate  bars  from  below,  should  it  become 
choked. 

In  some  localities,  a  so-called  devil's  claw  is  added  to 
the  equipment.  This  is  simply  a  three-pronged  rake  used 
for  drawing  large  clinkers  out  of  the  fire,  but  as  this  can 


20  FIRING  §  12 

be  done  with  a  hoe  just  about  as  well,  the  devil's  claw  has 
not  come  into  very  extensive  use, 

35.  Cleaning  Fires. — Two  methods  of  cleaning  a  fire 
are  in  use.  In  the  first  method,  the  burning  fuel,  or  the  live 
coal,  as  it  is  termed,  is  pushed  to  one  side  of  the  furnace 
while  the  other  side  is  being  cleaned.  The  live  coal  is  then 
distributed  evenly  all  over  the  grate  and  covered  with  a  light 
charge  of  fresh  fuel. 

In  the  second  method,  the  live  coal  is  pushed  back  against 
the  bridge,  and  the  cinders  and  clinkers  covering  the  front 
of  the  grate  are  pulled  out.  The  live  coal  is  then  pulled  to 
the  front  of  the  furnace,  and  the  cinders,  etc.  on  the  back 
part  of  the  grate  are  pulled  over  the  top  of  the  live  coal,  after 
which  the  latter  is  spread  evenly  over  the  grate,  and  covered 
with  a  light  charge  of  fresh  coal. 

It  is  well  to  allow  the  fire  to  burn  down  somewhat  before 
cleaning,  as  it  will  then  be  easier  to  clean.  The  damper 
should  be  partially  closed,  to  prevent  cold  air  from  rushing 
into  the  furnace  and  cooling  the  furnace  plates  above  the  fire. 
For  this  reason,  and  also  to  prevent  loss  of  steam  pressure, 
the  cleaning  should  be  done  quickly.  In  cleaning  a  fire, 
special  attention  should  be  devoted  to  cleaning  out  the  cor- 
ners near  the  door;  being  somewhat  inaccessible,  they  are 
apt  to  be  neglected,  to  the  detriment  of  the  fire. 

36,  Banking  Fires. — Should  it  be  desirable  to  have  a 
boiler  lying  idle,  with  steam  up  and  the  fires  ready  to  gener- 
ate steam  to  the  full  capacity  of  the  boiler  at  short  notice, 
the  fires  are  banked.  This  is  done  by  first  cleaning  the  fire, 
and  then  either  pushing  the  live  coal  against  the  bridge  or 
pulling  it  to  the  front  and  covering  it  with  fresh  fuel.  The 
fire  will  lie  smoldering,  the  air  supply  being  regulated,  by 
the  damper,  the  fire-door,  and  the  ash-pit  damper,  to  keep 
the  fire  burning  sufficiently  to  keep  up  the  steam  pressure. 
When  it  is  desired  to  start  the  fires  again,  some  of  the  fuel 
covering  the  live  coal  is  skimmed  off,  and  the  live  coal  is 
spread  over  the  grate.  The  fire-door  is  then  closed,  the  ash- 
pit and  smokestack  dampers  are  opened,  and  the  fire  allowed 
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to  burn  up,  for  2  or  3  minutes,  perhaps,  when  it  is  covered 
with  a  light  charge  of  fresh  fuel. 

37.  Haullns:  Fires. — When  the  demand  for  steam  sud- 
denly ceases,  as,  for  instance,  in  case  of  a  breakage  necessi- 
tating stoppage  of  the  engine  for  a  considerable  period,  the 
burning  fuel  has  to  be  drawn  from  the  furnace.  The  hard 
labor  entailed  in  hauling  the  fire^  as  it  is  termed,  may  be 
reduced  considerably  by  allowing  the  fire  to  bum  low,  if  the 
circumstances  permit  it.  When  it  becomes  necessary  to  haul 
the  fire,  in  case  of  the  water  getting  low  in  the  boiler,  it  is 
considered  the  best  practice  to  deaden  the  fire  before  hauling 
by  spreading  over  it  a  heavy  charge  of  fresh  fuel  or  ashes. 

38.  Llsrhtins:  Fires. — To  start  a  fire,  the  grate  is 
lightly  covered  with  coal.  Wood  is  piled  evenly  on  top  of 
it  and  covered  with  some  coal.  Greasy  waste  is  put  in  front 
of  the  wood.  This,  when  lighted,  will  soon  ignite  the  wood, 
the  fire  gradually  working  toward  the  bridge;  the  layer  of 
coal  below  the  burning  wood  protects  the  grate  bars  from 
the  heat  and  thus  prevents  warping  of  the  bars.  As  soon  as 
the  wood  is  burning  freely,  more  coal  is  put  on.  The  fire- 
door  should  be  kept  open  while  the  wood  is  burning,  and  the 
ash-pit  damper  shut.  The  fire  should  burn  very  slowly  at 
first,  so  as  not  to  injure  the  boiler  by  the  unequal  expansion 
of  its  various  parts.  The  rate  at  which  the  fire  burns  may 
be  regulated  by  the  smokestack  damper. 

39.  Practical  Hints  on  Firing:. — As  it  is  usually  desir- 
able to  keep  the  steam  at  an  even  pressure,  the  following 
points  ought  to  be  observed.  Two  fires  in  the  same  boiler 
should  never  be  cleaned  at  once.  When  putting  a  fresh 
charge  of  fuel  into  the  furnace,  do  it  as  rapidly  as  possible 
to  avoid  the  inrush  of  cold  air,  which  will  injure  the  furnace 
plates  and  also  reduce  the  temperalure  of  the  gases  of  com- 
bustion. Two  furnaces  in  the  same  boiler  should  not  be 
charged  at  once,  as  the  fresh  charge  deadens  the  fire  and 
reduces  the  g^eneration  of  steam.  The  usual  method  of 
managing  the  fire  is  as  follows:  Let  A  and  B  be  two  single- 
ended  Scotch  boilers  with  two  furnaces  each,  numbered  as  in 
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Fig,  2,  and  suppose  that  bituminous  coal  is  used.  Furnace  1 
is  charged  with  fresh  fuel;  the  fire  in  furnace  2  is  leveled  off 
with  the  hoe;  the  fire  in  furnace  3  sliced,  and,  next,  the  grate 
of  furnace  4  is  cleaned  from  below;  furnace  2  is  now  charged 
with  fuel,  and  3  is  leveled,  4  sliced,  and  the  grate  of  1 
cleaned;  furnace  3  is  charged,  4  leveled,  1  sliced,  and  the 
grate  of  2  cleaned;  furnace  4  is  charged,  1  leveled,  2  sliced, 
and  the  grate  of  furnace  3  cleaned. 

It  will  thus  be  seen  that  the  same  operation  is  not  repeated 
at  the  same  time  in  one  boiler,  and,  furthermore,  that  each 
operation  is  performed  in  the  numerical  order  of  the  fur- 
naces. Thus,  if  the  first  fire  sliced  were  in  furnace  5,  the 
next  one  to  be  sliced  would  be  in  furnace  4,  the  next  one  in 

furnace  i,   and   the   next 
one  in  furnace  2. 

The  furnaces  numbered 
with  the  even  numbers  are 
in  one  boiler;  those  with 
the  odd  numbers  are  in 
the  other  boiler. 
^**'  ^  This  system  of  firing  is 

in  vogue  in  sea-going  steamers,  or  wherever  the  engineer  in 
charge  believes  in  doing  work  systematically.  Of  course, 
the  system  may  be  changed  to  suit  varying  conditions,  the 
arrangement  of  the  operations  as  described  being  intended 
to  furnish  an  idea  as  to  a  systematic  way  of  firing.  The 
same  system  may  be  and  is  followed  in  cleaning  fires.  The 
length  of  time  a  fire  will  burn  without  needing  cleaning 
depends  on  the  amount  of  coal  burned  and  the  quality  of  the 
coal.  When  consuming  about  15  pounds  of  coal  per  square 
foot  of  grate  surface  per  hour,  with  average  coal,  the  fire 
will  burn  about  12  hours  before  it  must  be  cleaned. 


40.  Lumps  of  coal  should  not  be  thrown  into  the  fire, 
but  should  be  broken  into  pieces  about  the  size  of  a  man's 
fist.  The  fresh  charge  of  fuel  should  be  spread  evenly  over 
the  fire.  With  irrej^^ular-sized  coal,  leveling  with  the  hoe 
has  to  be  resorted  to  some  time  before  a  fresh  charge  of 
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fuel  is  put  into  the  furnace.  Should  it  be  noticed,  while 
charging,  that  the  fire  has  burned  out  in  one  spot,  owing  to 
clinkers  having  formed  on  the  grate  and  prevented  admission 
of  air  to  the  fuel  above  it,  or  to  the  burning  away  of  the  fuel, 
the  grate  at  that  spot  should  be  cleaned  and  the  open  spot 
filled  with  live  coal  before  a  fresh  supply  of  fuel  is  put  into 
the  furnace.  The  back  of  the  grate  should  not  be  allowed 
to  become  bare,  as  the  inrushing  cold  air  will  cool  the  hot 
gases  of  combustion  and  greatly  reduce  the  amount  of 
steam  generated.  The  ash-pit  should  be  kept  clean,  as 
ashes  accumulating  therein  will  prevent  the  free  access  of 
air  to  the  furnace.  The  length  of  time  that  air  is  admitted 
above  the  fire,  and  the  amount  of  it,  depends  on  the  quantity 
and  quality  of  the  coal.  For  coal  rich  in  hydrocarbons,  a 
longer  time  will  be  required  than  for  other  coal.  But  in  no 
case  should  air  be  admitted  after  the  hydrocarbons  are 
expelled  from  the  coal,  which,  with  anthracite,  will  be  in.  2 
or  3  minutes  after  charging.  By  watching  the  steam  gauge, 
the  condition  of  the  fires  can  be  told,  and  a  look  at  the 
burning  fuel  will  show  whether  fresh  fuel  is  needed,  or  the 
fires  require  slicing,  or  the  air  supply  is  insufficient,  either  by 
reason  of  the  damper  being  closed  or  the  grate  clogged  up. 

Before  cleaning  fires,  it  is  often  advisable  to  increase  the 
feed  and  to  work  up  the  steam  pressure,  and  to  reduce  the 
feed  while  cleaning.  A  certain  quantity  of  heat  is  stored  up 
in  the  extra  water  fed  into  the  boiler,  which  is  liberated  when 
the  feed  is  reduced,  and  tends  to  keep  up  the  steam  pressure. 

An  anthracite  fire  does  not  need  to  be  sliced,  as  no  crust 
is  formed  on  the  surface  of  the  fire.  Slicing  will  merely  mix 
the  cinders  and  clinkers  with  the  live  coal  and  deaden  the 
fire.  The  T  bar  should  be  run  in  under  the  fire  to  break  up 
the  cinders.  

COMBUSTION    OF    OIL. 

41.  Since  the  first  attempt  to  use  petroleum  for  fuel, 
early  in  the  history  of  the  oil  industry,  down  to  the  present 
time,  the  principal  problem  to  be  solved  has  been  the 
method  of  burning.     Naturally,  the  first  attempts  to  bum 
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oil  were  by  lighting  the  surface  of  a  mass  of  oil  as  it  lay  in 
vessels  or  pans.  The  amount  of  combustion  that  it  was 
possible  to  obtain  with  this  method  was  limited  because  of 
the  limited  surface  of  oil  that  could  be  exposed  to  the  flame. 
Attempts  were  made  to  increase  this  surface  by  causing  the 
oil  to  run  over  plates  and  broken  brickwork,  but  the  great 
difficulty  of  supplying  air  to  the  entire  surface  of  the  oil  and 
the  interior  of  the  flame  soon  caused  this  method  to  be  given 
up.  Next,  attempts  were  made  to  gasify  the  oil  and  then 
burn  the  gas.  Part  of  the  heat  of  combustion  was  utilized 
in  converting  additional  oil  into  gas,  and  thus  it  was  hoped 
to  render  the  process  continuous.  Because  of  their  exposure 
to  the  intense  heat  of  the  furnace,  these  various  arrange- 
ments rapidly  deteriorated;  also,  a  carbonized  residue  of 
soot  and  tar  was  found  to  clog  the  pipes  and  passages.  The 
difficulties  of  this  method  were  early  seen  to  preclude  the 
possibility  of  success  along  this  line,  and  the  attention  of 
engineers  was  turned  to  the  spraying  method,  with  results 
that  leave  little  to  be  desired. 

42,  The  spraying  method  of  burning  oil  consists  of 
introducing  the  oil  into  the  furnace  in  a  very  finely  divided 
state  by  means  of  a  jet  of  air  or  steam  and  causing  the 
combustion  of  the  oil  while  in  the  spray  form.  The  most 
obvious  method  in  a  boiler  room  of  producing  a  spray  of  oil 
is  by  means  of  a  jet  of  steam,  and  consequently  it  is  found 
that  a  very  large  class  of  oil  burners  depend  on  this  spraying 
agent.  The  method  by  which  spraying  is  caused  to  take 
place  varies  slightly  in  different  types  of  burners,  but,  in 
general,  it  may  be  stated  that  the  oil  and  steam  are  caused 
to  mingle  within  the  passages  of  the  burner,  and  the  high 
velocity  of  the  steam  blows  the  oil  into  the  furnace  in  a  very 
finely  divided  state. 

A  burner  that  utilizes  steam  as  the  spraying  agent  is 
shown  in  cross-section  in  Fig.  3.  It  consists  of  a  cylinder  a 
having  one  end  closed  by  means  of  a  cap  /;  and  the  other  end 
by  a  stuffingbox.  Extending  axially  through  this  cylinder  is 
a  pipe  c  having  one  end  pointed  and  making  a  steam-tight 
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joint  ia  a  conicall;  shaped  orifice  in  the  cap  i.  The  other 
end  of  this  pipe  ts  closed  with  a  plu^  d.  A  tapered  open- 
ing through  this  plug  is  closed  by  means  of  a  needle 
valve  e.  The  pipe  c  can  be  moved  in  or  out  of  the  cylinder  a 
by  means  of  the  band  wheel  f,  thus  closing  or  opening  the 
conical  orifice  in  the  cap  6.  A  hood  £■  is  cast  in  one  with 
the  cap  d  and  serves  to  protect  the  end  of  the  burner  from  the 
intense  heat  of  the  furnace.  Oil  under  pressure  enters 
the  burner  through  the  pipe  A,  passes  through  the  needle 


valve  e  into  the  pipe  e,  and  out  through  a  small  opening  in 
the  end  into  the  furnace.  Steam  from  the  boiler  enters 
through  the  pipe  i,  surrounds  the  pipe  c,  and  passes  through 
the  interior,  of  a  into  and  out  of  the  conical  opening  around 
the  end  of  c  into  the  furnace.  The  supply  of  oil  is  regulated 
by  the  valve  e,  and  ihe  supply  of  steam  is  controlled  by 
turning  the  hand  wheel  /.  The  oil  mingling  with  the  steam 
as  it  passes  out  of  the  burner  into  the  furnace  is  converted 
into  spray,  and  combustion  is  readily  caused  to  take  place 
within  the  furnace. 

43,  An  oil  burner  that  uses  air  instead  of  steam  as  the 
vaporizing  agent  does  not  differ  materially  from  the  burner 
just  described.  As  in  the  burner  using  steam,  the  oil  enters 
a  small  inner  pipe,  and  the  atomizing  agent,  that  is,  the  air, 
is  supplied  through  the  outer  shell  of  the  burner  to  the  tip 
or  cap  on  the  furnace  end,  where  the  oil  and  air  mingle  and 
pass  into  the  furnace.  The  relative  efficiency  of  steam  and 
air  has  not  as  yet  been  definitely  determined,  but  there  can 
be  no  question  that,  with  air,  the  mixture  of  the  combustible 
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elements  of  the  oil  and  the  oxygen  of  the  air  is  much  more 
intimate  at  the  beginning  of  combustion  than  could  possibly 
be  the  case  with  steam  and  oil.  Another  advantage  that  air 
has  over  steam  in  oil  burners  is  that  there  is  no  loss  of 
steam  and  consequently  of  fresh  water.  This  is  of  great 
importance  aboard  ship,  where  fresh  water  is  very  valuable. 
The  United  States  Navy  Department  found,  as  the  result  of 
experiments  with  liquid  fuel,  that  the  water  consumption  of  a 
steam-operated  burner  is  between  4  and  5  per  cent,  of  the 
total  evaporation.  Another  advantage  of  the  air  is  that  it 
can  be  stored  under  great  pressure  in  tanks,  and  thus  the 
oil  burners  can  be  utilized  in  getting  up  steam  when  all 
the  boilers  in  the  battery  are  cold.  With  a  steam-operated 
burner,  a  coal  fire  must  be  started  under  one  boiler  in  order 
to  get  steam  to  operate  the  oil-burning  devices.  The  prin- 
cipal disadvantage  of  the  use  of  air  is  the  necessity  of  the 
installation  of  an  air  compressor  or  blower,  and  the  conse- 
quent increase  in  weight. 

44.  Attempts  have  been  made  to  produce  a  burner  that 
is  a  combination  of  the  two  classes  and  that  uses  both  steam 
and  air  for  atomizing  purposes.  Extended  tests  by  the 
United  States  Navy  show  that  a  burner  of  this  class  requires 
several  times  as  much  steam  for  successful  operation  as 
does  a  burner  using  steam  alone.  This  class  of  burner 
is  much  more  complicated  in  design,  more  costly  to  manu- 
facture, and  requires  much  more  skill  in  operation  than 
burners  using  either  air  or  steam  alone.  The  Naval  Board 
unqualifiedly  condemned  burners  using  both  air  and  steam 
as  the  spraying  agent. 

45.  The  steam  that  is  used  in  spraying  the  oil  does  not 
in  any  manner  increase  the  temperature  of  the  flame,  if, 
indeed,  it  does  not  actually  decrease  it.  The  water  forming 
the  steam  is  undoubtedly  decomposed  by  the  high  temper- 
ature that  obtains  in  the  furnace,  thus  setting  free  the 
hydrogen  and  oxygen,  of  which  the  water  is  composed. 
Farther  back  in  the  furnace,  where  the  temperature  is  lower 
than  that  necessary  for  the  disassociation  of  the  elements  of 
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water,  the  hydrogen  bums  and  water  is  again  formed.  When 
water  is  broken  up  into  its*  elements  by  exposure  to  high  tem- 
perature, exactly  the  same  amount  of  heat  is  absorbed  as  is 
given  out  when  the  resulting  free  hydrogen  is  again  burned. 
The  water  thus  formed  passes  off  as  steam  with  thjB  other 
products  of  combustion.  One  effect  of  the  use  of  steam  under 
pressure  is  undoubtedly  beneficial,  in  that  its  action  tends  to 
produce  a  more  even  distribution  of  heat  in  the  furnace,  and 
transfers  heat  from  the  point  where  it  is  greatest  to  the  back 
of  the  furnace  and  to  the  tubes,  where  it  is  less.  A  source 
of  loss  due  to  the  presence  of  steam  is  that  it  undoubtedly 
passes  up  the  smokestack  at  a  considerably  higher  tempera- 
ture than  that  with  which  it  enters  the  burner;  the  additional 
heat  being,  of  course,  taken  directly  from  the  furnace. 

46.  The  accessories  that  should  accompany  an  oil-burn- 
ing installation  are:  oil  pumps  arranged  in  duplicate  for 
pumping  the  oil  from  the  storage  tanks  and  supplying  it  to 
the  burner  under  pressure;  heating  tanks  for  heating  the  oil 
to  a  high  temperature  by  means  of  a  steam  coil;  strainers 
for  removing  all  dirt  and  grit;  and  when  air  is  used  as  the 
atomizing  agent,  an  air  compressor  or  fan.  It  is  highly 
important  that  the  oil  pumps  should  be  in  duplicate,  as  a 
breakdown  might  cause  a  stoppage  of  the  entire  plant. 
Insurance  companies  prohibit  feeding  the  oil  by  the  gravity 
system,  owing  to  the  danger  of  fire.  It  is  also  desirable  to 
have  the  strainers  arranged  in  pairs,  as  the  opening  in  the 
burner  for  the  discharge  of  the  oil  into  the  furnace  is  very 
small,  and  very  little  dirt  or  grit  will  materially  affect  the 
operation  of  the  burner.  It  has  been  found  advantageous 
to  arrange  for  heating  the  air  used  in  the  combustion  of  the 
oil.  This  is  usually  accomplished  by  forcing  the  air  over 
heated  surfaces  or  through  pipes  that  are  more  or  less 
exposed  to  the  heat  of  the  furnace.  Heating  the  air  does 
not  increase  the  heat  of  the  flame,  but  tends  to  promote 
combustion.  It  is  conducive  to  the  besj  working  of  the 
burner  to  raise  the  temperature  of  the  oil  to  the  ignition 
point  as  soon  as  possible  after  it  leaves  the  tip  of  the  burner, 
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and  this  result  is  found  to  be  much  hastened  by  heating  the 
air  supply  to  as  high  a  temperature  as  practicable.  The 
pressure  of  the  steam  used  in  the  burners  may  vary  between 
the  limits  of  20.  and  70  pounds  per  square  inch.  There  have 
been  no  tests  made  public  to  show  the  most  economical 
pressure,  but  the  results  of  the  oil-fuel  tests  of  the  United 
States  Navy  Department  show  that  the  higher  the  pressure 
the  greater  the  amount  of  water  that  was  evaporated,  and 
also  that  the  efficiency  of  the  burner  slightly  increased. 
Increasing  the  pressure  of  the  oil  and  steam  had  the  disad- 
vantage of  increasing  the  steam  consumption  of  the  burner. 
When  air  is  used,  the  pressure  is  much  lower,  varying:  from 
less  than  1  pound  with  an  ordinary  fan  blower  up  to  about 
20  pounds  with  an  air  compressor. 

47.  It  is  usually  found  advisable  to  make  the  steam 
pressure  in  the  burner  a  certain  proportion  of  the  pressure 
in  the  boiler,  as  oil  burners  are  most  efficient  when  the  steam 
used  as  the  atomizing  agent  is  superheated.  The  cheapest 
means  of  superheating,  where  a  superheater  is  not  installed,  is 
by  means  of  free  expansion  of  the  steam  in  a  reducing  valve; 
the  steam  pressure  in  the  burner  should  be  about  25  per  cent, 
of  the  pressure  in  the  boiler.  As  any  change  in  the  pressure 
of  the  air,  steam,  or  oil  makes  a  readjustment  of  all  valves 
necessary,  care  should  be  taken  that  the  pressures  in  an  oil 
burner  be  kept  as  nearly  constant  as  possible  when  once  the 
burner  is  in  operation.  Too  much  stress  cannot  be  laid  on  this 
point.  It  is  advisable  to  have  the  steam  supply  of  the  burners 
so  arranged  that  any  boiler  can  furnish  steam  to  any  burner. 

48.  In  the  following  description  of  the  method  of  raising 
steam  on  a  battery  of  boilers  having  an  oil-burning  installa- 
tion using  steam  as  an  atomizing  agent,  it  is  assumed  that 
there  is  steam  in  one  boiler  for  operating  the  burners.  If 
there  is  not,  steam  must  be  raised  by  means  of  a  coal  fire 
under  one  boiler  for  that  purpose. 

Steam  is  first  turned  on  to  a  burner,  and  any  accunu^lation 
of  water  in  the  steam  pipes  is  thus  blown  out.  Next,  the 
oil  valve  is   slowly  opened,  and  the  oil  spray  that  is  thus 
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formed  is  ignited  by  means  of  oily  waste  or,  preferably,  by 
a  short-handled  torch.  The  supply  of  steam  and  oil  should 
now  be  regulated  until  the  furnace  is  completely  filled  with 
a  flame  that  is  steady,  white  or  bluish  white,  and  that  gives 
off  little  or  no  smoke  at  ihe  top  of  the  smokestack.  Much 
smoke  is  a  certain  indication  of  a  poorly  adjusted  burner. 
As  the  experience  of  the  fireman  increases,  he  will  be 
enabled  to  judge  of  the  efficiency  of  combustion  by  the 
sound  that  is  emitted  from  the  furnace.  If,  for  any  reason, 
the  flame  is  extinguished  at  any  burner,  the  oil  supply 
should  be  immediately  shut  off,  or  the  accumulation  of  oil 
vapor  in  the  furnace  will  cause  a  more  or  less  violent  explo- 
sion when  the  burner  is  relighted.  When  steam  is  used  as 
the  atomizing  agent,  and  a  burner  is  extinguished,  it  is 
advisable  to  shut  off  at  once  both  steam  and  oil;  but  when 
air  is  used,  and  a  burner  is  extinguished,  it  is  well  to  shut 
off  the  oil  only.  When  the  air  is  also  shut  off,  the  com- 
pressor or  fan  causes  a  larger  quantity  to  pass  through  the 
other  burners,  and,  as  this  disturbs  the  proper  relation 
between  the  quantities  of  oil  and  air,  much  smoke  is  pro- 
duced and  a  readjustment  of  the  valves  on  all  the  burners  is 
thus  made  necessary.  All  this  is  obviated  by  permitting  the 
air  to  blow  through  the  idle  burner  until  it  is  expedient  to 
relight  it.  Care  should  be  exercised  that  the  oil  is  not 
heated  in  the  oil  heater  to  so  high  a  temperature  that  vola- 
tile gases  are  driven  off  and  caused  to  accumulate  in  any 
of  the  pipes.  This  gas,  if  it  is  forced  through  the  burner, 
interrupts  the  steady  flow  of  oil,  and  thus  will  often  extin- 
guish the  burner.  If  air  becomes  mixed  with  this  gas,  as  it 
may  in  some  forms  of  oil  heaters,  the  gas  and  air  will  bum 
within  the  pipes  and  necessitate  a  shut  down.  Burners  have 
been  known  to  get  red  hot  from  combustion  within  the  oil 
passages.  The  strainers,  arranged  in  duplicate,  should  be 
regularly  cleaned  out  at  stated  intervals,  instead  of  waiting 
until  one  is  completely  choked  and  the  supply  of  oil  is 
thereby  diminished.  There  should  not  be  any  oil  allowed 
to  appear  on  the  floor  of  the  fireroom.  Firing  with  oil  does 
not  require  bodily  strength,  nor  experience  with  firing  coal. 
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DRArr 

49,  Natural  Draft. — The  difference  between  the  weight 
of  a  column  of  hot  gases  contained  within  a  smokestack  and 
the  weight  of  an  equal  column  of  cold  air  results  in  an 
upward  motion  of  the  hot  gases  within  the  stack,  which 
motion  is  called  natural  draft.  It  is  well  known  that  any 
gas,  when  heated,  is  lighter,  bulk  for  bulk,  than  when  cool. 
Now,  when  the  hot  gases  pass  into  the  smokestack  they 
have  a  tempferature  of  400°  F.  or  500^  F.,  while  the  air  out- 
side the  smokestack  has  a  temperature  of  from  40°  F.  to 
90°  F.  Roughly  speaking,  the  air  weighs  twice  as  much, 
bulk  for  bulk,  as  the  hot  gases.  Naturally,  then,  the  pres- 
sure in  the  smokestack  is  a  little  less  than  the  pressure  of 
the  outside  air.  Consequently,  the  air  will  flow  from  the 
place  of  higher  pressure  to  the  place  of  lower  pressure;  that 
is,  into  the  smokestack  through  the  furnace.  As  an  example, 
suppose  that  a  smokestack  is  150  feet  high  and  that  the  tem- 
perature of  the  hot  gases  is  500°.  A  column  of  gas  at  this 
temperature,  150  feet  high,  and  of  1  square  foot  cross-section, 
weighs  about  6i  pounds.  A  column  of  air  at  60°,  of  the 
same  length  and  cross-section,  weighs  about  Hi  pounds. 
Hence,  the  difference  in  pressure  at  the  bottom  of  the  chim- 
ney is  11a  —  6i  =  5  pounds  per  square  foot.  This  difference 
in  pressure  is  spoken  of  as  the  draft  pressure. 

50.  It  is  customary  to  express  the  pressure  of  the  draft 
in  inches  of  water.  It  has  been  shown  that  the  pressure  of 
the  atmosphere,  14.7  pounds  per  square  inch,  supports  a  col- 
umn of  water  34  feet  high.  84  feet  of  water  =  14.7  pounds 
per  square  inch;  or,  34  X  12  =  408  inches  of  water  =  14.7 
pounds  per  square  inch;   =  2,116.8  pounds  per  square  foot. 

Therefore,  1  inch  of  water  =      *    =  .036  pound  per  square 

408 

inch;  =     '  .vo*—  =  ^-^  pounds  per  square  foot. 

The  draft  pressure,  or  intensity  of  the  draft,  is  measured 
by  means  of  a  water  gauge,  one  form  of  which  is  shown  in 
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Fi^.  4.  As  inspection  shows,  it  is  a  glass  tube  open  at  both 
ends,  bent  to  the  shape  of  the  letter  U;  the  left  leg  communi- 
cates with  the  smokestack;  the  air  outside  the  smokestack, 
being  heavier,  presses  on  tht  surface  of  the  water  in  the 
right  leg  and  forces  some  of  it  up  the  left  leg;  the  difference 
in  the  two  water  levels  //  and  Z  in  the  legs  represents  the 
intensity  of  the  draft  and  is  expressed  in  inches  of  water. 

The  draft  pressure  required  depends  on  the  kind  of  fuel 
used.  Wood  requires  but  little  draft,  say  i  inch  or  less; 
bituminous  coal  generally  requires  less  draft  than  anthracite. 

To  burn  anthracite,  slack,  or  culm,  the  draft  pres-         ^ ^ 

sure  should  be  li  inches  of  water. 

51.  The  area  of  the  smokestack  must  be  such  • 
that  the  gases  of  combustion  may  be  discharged 
freely.  Experience  has  shown  that  an  area  of 
1  square  foot  of  smokestack  to  every  8  square 
feet  of  grate  surface  is  a  fair  ratio,  representing 
the  practice  of  some  of  the  best  builders.  The 
intensity  of  the  draft  depends  on  the  height  of  the 
smokestack;  hence,  the  amountof  coal  that  maybe 
burned  per  square  foot  of  grate  surface  per  hour 
may  be  roughly  estimated  from  the  height  of  the 
smokestack,  provided  that  the  area  of  the  smoke- 
stack is  of  the  required  size.  The  height  of  the 
smokestack  is  to  be  taken  as  the  perpendicular  ""* 

distance  between  its  top  and  the  grate.  Owing  to  coals  of  the 
same  kind  varying  in  chemical  composition,  and  between  wide 
limits,  the  quantity  of  coal  burned  with  a  given  smokestack 
and  grate  area  cannot  be  estimated  with  any  great  exactness; 
this  must  be  borne  in  mind  when  applying  the  rules  given. 

The  probable  maximum  rates  of  combustion  attainable 
under  natural  draft  are  given  by  the  following  rules,  which 
have  been  deduced  from  the  experiments  of  Isherwood, 
United  States  Navy, 

where   tV  =  weight,  in  pounds,  of  coal  burned  per  square 
foot  of  grate  area  per  hour; 
H  =  height  of  smokestack,  in  feet. 
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Rule  I.  —  To  find  the  amount  of  anthracite  that  may  be 
burned  per  square  foot  of  grate  surface  per  hour  under  the  most 
favorable  conditions^  subtract  1  from  twice  the  square  root  of  the 
height  of  the  smokestack. 

Or,  IV=2^-1 

Rule  II. — For  anthracite  burning  under  ordinary  conditions^ 
subtract  1  from  mie  and  mie-half  times  the  square  root  of  the 
height  of  the  smokestack. 

Or,  W  ^  l.b^H-  1 

Rule  III. — For  best  semianthracite  and  bituminous  coal,  mul- 
tiply the  square  root  of  the  height  of  the  smokestack  by  2.25, 

Or,  IV  =  2.25  V^ 

Rule  IV. — For  ordinary  soft  coals,  multiply  the  square  root 
of  the  height  of  the  smokestack  by  8. 

Or,  ^F  =  3  VZr 

The  maximum  rate  of  combustion  is  thus  fixed  by  the 
height  of  the  smokestack;  the  minimum  rate  may  be  any- 
thing^ less. 

Example. — What  is  the  maximum  coal  consumption  per  hour  of  a 
vessel  fitted  with  six  boilers  with  two  furnaces  each,  the  length  of  the 
grate  being  6  feet,  the  width  3  feet  6  inches,  and  the  height  of  the 
smokestack  65  feet?    Ordinary  soft  coal  is  being  used. 

Solution. — Using  rule  IV, 

IV  =  3V(35  =  24.187  lb.  per  sq.  ft.  of  grate  area  per  hr. 

The  total  grate  area  =  G  X  2  X  6  X  3.5  =  252  sq.  ft.  Hence,  the 
maximum    coal    consumption  =  252  X  24.187  =  6,095.12   lb.    per   hr. 

Ans 

52.  Mccbanlcnl  Draft. — As  previously  explained, 
natural  draft  is  caused  by  the  upward  flow  of  heated  air. 
The  force  of  the  draft  depends  a  great  deal  on  various  con- 
ditions, such  as  the  direction  and  force  of  the  wind,  the  tem- 
perature of  the  air,  the  height  of  the  smokestack,  the  thick- 
ness of  the  fire,  etc.  To  make  the  draft  independent  of  any 
of  these  conditions,  various  mechanical  arrangements  may 
be  used  and  a  draft  thus  created  mechanically.     In  that  case 
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the  draft  is  spoken  of  as  mechanical  draft.  In  marine 
work,  mechanical  draft  is  applied  in  one  of  three  ways: 
Either  the  air  is  forced  by  a  fan  into  an  air-tight  fireroom, 
when  the  system  is  called  the  closed  Hreroam  system^  or  the 
air  is  forced  by  suitable  mechanism  into  air-tight  ash-pits, 
when  the  system  is  called  the  closed  ash-pit  system.  Both  of 
these  systems  are  spoken  of  as  forced-draft  systems.  In  the 
third  application  of  mechanical  draft,  a  partial  vacuum  is 
created  in  the  uptake  or  base  of  the  smokestack  by  fans  or 
steam  jets;  this  system  is  spoken  of  as  an  induced-draft  system. 
In  naval  vessels,  the  closed  fireroom  system  of  forced  draft 
is  extensively  used.  All  openings  from  the  fireroom  are 
closed  air-tight,  and  air  forced  in  until  the  desired  pressure 
has  been  reached.  This  system  has  not  found  much  favor  in 
the  mercantile  service,  and  the  closed  ash-pit  system  has 
been  adopted  instead. 

53.  Iloi^vd en's- closed  ash-pit  system,  in  which  hot 
air  under  pressure  is  delivered  into  the  ash-pits  and  furnaces, 
is  shown  in  Fig.  5.  By  means  of  a  blower  located  in  a  suit- 
able place,  cold  air  is  forced  through  the  pipe  H  into  a 
closed  air  chamber  located  in  the  uptake  immediately  above 
the  doors  of  the  front  connection.  The  gases  of  combustion 
pass  through  numerous  vertical  tubes,  shown  at  A,  contained 
in  the  air  chamber,  thus  heating  the  air  surrounding  the  tubes. 
The  heated  air  passes  into  an  air-tight  reservoir  By  attached 
to  the  front  end  of  the  boiler  and  surrounding  the  furnaces, 
as  well  as  the  front  connection  G,  This  reservoir,  projecting 
about  10  inches  from  the  front  of  the  boiler,  receives  the  air 
under  pressure.  The  air  admitted  above  the  fire  enters 
through  the  valve  C  into  a  space  between  the  outer  and 
inner  furnace  doors,  both  of  them  swinging  on  one  hinge. 
The  inner  door  is  perforated,  and  is  provided  with  a  per- 
forated air-distributing  box  D,  the  outer  door  serving  to 
retain  the  air  pressure.  The  air  passing  through  the  valve  C, 
besides  filling  the  spaces  between  the  doors,  also  fills  the 
space  around  the  furnace  door,  whence  it  passes  into  a  per- 
forated air-distributing  box  Ey  covering  the  whole  surface  of 
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the  furnace  front  inside  the  furnace.  Part  of  the  air  passes 
through  the  perforated  dead  plate  into  the  ash-pit,  which  is 
closed  by  hinged  doors.  The  rate  of  admission  of  air  to  the 
ash-pit  is  regulated  by  means  of  the  valves  F. 

In  operation,  the  rate  of  combustion  of  the  fuel  is  gov- 
erned by  the  valves  F  regulating  the  air  pressure.  The 
valves  C  are  adjusted  at  the  beginning  of  the  trip  to  suit  the 
character  of  the  fuel  used.  The  jets  of  highly  heated  air 
admitted  by  these  valves  above  the  fire  tend  to  promote  com- 
plete combustion. 
In  some  closed  ash- 
pit systems,  cold  air 
is  delivered  under 
pressure  into  the 
ash-pit. 


54,  The  applica- 
tion of  a  fan  to  the 
base  of  a  smoke- 
stack, in  order  to  in- 
duce draft,  is  shown 
in  Fig.  6.  A  pair  of 
fans  A^  A  are  lo- 
cated at  the  base  of 
the  smokestack,  one 
on  each  side.  Both 
fans  are  mounted 
on    the   same   shaft, 
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which  passes  through  the  smokestack.  The  shaft  is  belted 
to  a  steam  engine,  not  shown  in  the  figure.  In  operation, 
the  damper  B  is  closed  while  using  the  exhaust  draft. 
The  rapidly  revolving  fans  exhaust  the  air  in  the  uptake, 
thus  reducing  the  pressure  in  the  tubes  and  furnaces,  and 
thereby  producing  a  more  rapid  current  of  air  through  the 
furnaces,  both  below  and  above  the  grate.  No  alteration 
of  the  arrangement  of  the  furnace  fittings  is  necessary. 
This  system  can  be  applied  very  cheaply  to  steamers  already 
built. 
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55.  In  the  Ellis  &  Eaves  Induced -draft  system,  a 
fan  Is  placed  outside  the  uptake;  the  fan  inlet  is  below 
and  the  fan  outlet  is  above  the  smokestack  damper.  This 
arraDeement  allows  either  natural  or  mechanical  draft  to 
be  used  at  will.  The  air  entering  the  furnace  is  heated  by 
passing  around  nests  of  tubes  through  which  the  gases  of 
combustion  pass  before  reaching  the  fan;  the  furnaces  are 
closed  oflE  from  the  fireroom  by  air-tight  furnace  doors  and 
ash-pit  doors,  and  suitable  mechanism  is  provided  for  admit- 
ting air  either  above  or  below  the  grate,  as  may  be  required. 


56,  Induced  draft  by  means  of  a  steam  jet  is  to  be 
found  in  many  American  steamships,  and  has  much  to 
recommend  it.  The  chief  points  in  favor  of  the  steam  jet 
are  the  ease  with  which  it  can  be  applied  to  existing  boilers, 
its  low  first  cost,  and  the  reliability  of  its  action;  besides, 
being  located  inside  the  smokestack, 
it  does  not  occupy  valuable  space. 
While  its  steam  consumption  is 
greater  than  that  of  the  fan  engine 
used  in  mechanical-draft  installations, 
it  affords  a  ready  means  of  increasing 
the  evaporative  power  of  a  boiler  or 
boiler  plant.  Whether  it  will  increase 
the  efficiency  of  the  boiler,  that  is, 
increase  the  number  of  pounds  of 
water  evaporated  per  pound  of  coal, 
is  somewhat  doubtful. 

In  installing  a  steam  jet,  it  must 
not  be  overlooked  that  the  steam 
used  is  lost,  while  with  a  fan  engine 
the  steam  can  be,  and  usually  is, 
exhausted  into  the  condenser,  thus  saving  the  fresh  water. 
This  consideration  limits  the  steam  jet  chiefly  to  vessels  run- 
ning in  fresh  water,  and  to  such  other  vessels  in  which  the 
saving  of  the  fresh  water  is  not  essential. 

The  construction  of  a  BlooinsI>urK  stenm  Jet  is  shown 
in  Fig.  7.     It  consists  of  a  casing  a  having  a  central  nozzle  i 
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at  its  lower  end.  Steam  from  the  boiler  enters  the  cham- 
ber  r  formed  by  the  lower  part  of  the  casing  and  the  nozzle, 
and  flows  through  the  annular  opening  at  e.  The  steam 
issues  from  this  opening  at  a  high  velocity  and  thus  induces 
a  current  of  air  to  flow  in  the  same  direction  as  the  steam. 
A  number  of  these  small  jets  are  attached  to  a  spider,  which 
consists  of  a  central  casting  with  radiating  steam  pipes,  the 
ends  of  each  steam  pipe  carrying  a  jet. 
Its  arrangement  in  the  smokestack  is 
shown  in  Fig.  8.  A  steam  gauge  is 
attached  to  the  system  of  jets,  showing 
the  steam  pressure  in  the  jets.  To 
start  the  induced  draft,  simply  turn  on 
the  steam;  to  regulate  the  intensity  of 
the  draft,  open  or  close  the  valve. 

57.  With  non -condensing  engines, 
the  exhaust  from  the  engine  may  be 

turned  into  the  smokestack  in  order 
to  induce  draft;  this  arrangement  is 
quite  common  on  steamers  navigating 
the  western  rivers  of  the  United  States 
of  America  and  on  those  engaged  in 
similar  service  elsewhere.  In  that 
case,  it  is  usual  to  provide  a  valve 
by  means  of  which  the  exhaust  can  be 
discharged  either  directly  into  the  at- 
mosphere or  into  the  smokestack. 

58.  Air  may  be  forced  into  a 
closed  ash-pit  by  means  of  a  steam 
jet,  which  is  similar  to  the  device 
described  in  Art.  56.  While  this 
application  of  forced  draft  is  quite  common  in  stationary 
practice,  it  is  very  uncommon  in  marine  work.  However, 
it  has  an  advantage  in  the  case  of  coal  that  must  be  used 
continuously  and  that  is  liable  to  clinker  badly,  adhering 
firmly  to  the  grate  bars  and  sides  of  the  furnace.  In  this 
particular  case,   it  seems  to  be  the  consensus  of   opinion 


38  FIRING  §12 

among  engineers  that  the  admission  of  steam  into  the  ash- 
pit, incidental  to  the  employment  of  the  steam  jet,  has  a 
tendency  to  alleviate  the  clinkering  and  subsequent  sticking 
of  the  clinkers  to  the  bars. 
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ECONOMIC  COMBUSTION  OF  COAL 


PRINCIPLES  OF  COMBUSTION 


CONSTITUENTS    OF    COAL 

1.  Introduction. — Since  fuel,  chiefly  in  the  form  of 
coal,  is  the  source  of  all  the  energy  made  available  by  the 
steam  engine,  a  study  of  the  principles  governing  the  eco- 
nomical generation  of  power  by  means  of  the  steam  engine 
must  begin  with  a  study  of  the  combustion  of  fuel,  and  of 
the  means  of  preventing  waste  of  heat  by  guarding  against 
those  conditions  that  tend  toward  incomplete  combustion. 
Heat  lost  by  imperfect  combustion  cannot  be  recovered;  no 
arrangement  of  elaborate  and  economical  machinery  in  the 
engine  room  will  utilize  the  energy  wasted  in  the  fireroom 
through  ignorance  or  carelessness  on  the  part  of  the  fireman. 

2.  Definitions  and  Classification. — Bituminous  coal 
is  composed  largely  of  various  compounds  of  carbon  and 
hydrogen  called  hydrocarbons.  When  the  coal  is  heated, 
these  compounds  are  driven  off,  partly  in  the  form  of  perma- 
nent gases  and  partly  as  vapors  that  may  easily  be  condensed 
or  changed  to  a  liquid  form.  The  process  of  separating  the 
gases  and  vapors  from  the  part  of  the  coal  that  cannot  be 
vaporized  by  the  mere  action  of  heat  is  called  distillation; 
the  substances  driven  off  from  the  coal  by  heat  are  called 
volatile   substances;  while   the  portion  remaining  forms 

Copyrighted  by  International  Textbook  Company,    Entered  at  Stationers*  Ifall,  London* 

il3 


2  ECONOMIC  COMBUSTION  §13 

coke,  which  is  composed  chiefly  of  carbon.  This  carbon  is 
called  the  fixed  carbon  of  the  coal. 

The  volatile  substances  may  be  divided  into  two  classes, 
viz.,  non-combustibU  and  combustible  substances.  The  first 
class  consists  mostly  of  water,  free  oxygen,  and  nitrogen; 
these  are  driven  off  when  the  coal  is  heated — the  water  as 
steam  and  the  gases  in  their  free  state.  The  second  class 
consists  of  the  hydrocarbons,  which  comprise  numerous 
compounds  of  hydrogen  and  carbon.  When  the  coal  is 
heated,  a  part  of  the  hydrocarbons  is  driven  off  in  a  gaseous 
form  and  a  part  as  vapors. 

The  principal  gases  in  the  volatile  combustible  are  car- 
bureted hydrofi^en,  or  marsh  g^s  (consisting  of  1  atom 
of  carbon  and  4  atoms  of  hydrogen,  as  shown  by  its  sym- 
bol, CH^),  and  olefiant  fi^As,  C^H^.  With  many  coals,  free 
hydrogen  is  given  off  in  considerable  quantities;  small 
quantities  of  other  less  important  gases  also  are  generally 
present. 

The  vapors  are  mostly  coal  tar  and  naphtha,  with  small 
quantities  of  sulphur.  Their  presence  can  be  detected  by 
inserting  a  cold  iron  bar  into  the  yellow  gases  rising  from 
a  fresh  charge;  a  sticky  coating,  consisting  mostly  of  the 
condensed  tar,  will  form  on  the  cold  metal. 

The  proportion  of  the  volatile  rfiatter  in  coal  depends  on 
its  composition.  Anthracite  consists  almost  entirely  of  fixed 
carbon  and  ash;  in  some  bituminous  coals,  the  greater  part 
is  volatile.  The  relative  proportions  of  fixed  gases  and  con- 
densable vapors  in  the  volatile  parts  of  coal  also  vary  with 
the  composition  of  coal.  In  some  cases,  the  volatile  matter 
contains  considerable  quantities  of  the  tarry  vapors  and 
heavy  hydrocarbon  gases,  as  C^H^,  while  in  others  it  consists 
largely  of  the  light  marsh  gas,  CH^,  and  free  hydrogen. 

The  quantity  and  composition  of  the  volatile  matter 
depend  not  only  on  the  composition  of  the  coal  itself,  but 
also  on  the  conditions  under  which  distillation  takes  place,  a 
difference  in  the  temperature  and  the  presence  or  absence  of 
air  or  steam  modifying  the  composition  of  the  vapor  and 
gases  to  a  very   great  extent.     Irregular  firing  and   draft 
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result  in  a  g;reat  difference  in  the  quantity  and  coniposilion 
of  the  gas  burned  in  the  furnace  at  different  periods. 

With  few  exceptions,  coal  contains  small  quantities  of 
sulphur,  usually  in  combination  with  some  other  element; 
one  of  the  most  common  compounds  is  that  of  sulphur  and 
iron,  known  as  Iron  pyrites.  When  the  coal  is  heated,  the 
sulphur  is  separated  from  the  iron  and  burns  to  sulphur 
dioxide,  SO,.  The  heat  derived  from  the  combustion  of  the 
sulphur  found  in  coal  is  small,  but  the  sulphur  dioxide 
formed,  in  combination  with  the  moisture  in  the  gases,  cor* 
rodes  iron  very  rapidly;  any  relatively  cold  metal  exposed 
to  the  gases  from  coal  rich  in  sulphur  is  rapidly  corroded 
and  destroyed. 


COMBUSTION    OF    CONSTITUENTS    OF    COAL 

3.     Combustion  ut   Volatile   ConstltnentH. — At  the 

temperature  generally  existing  in  a  boiler  furnace,  the  tar 
and  other  liquids  vaporize  and  mix  with  the  gases;  this 
gaseous  mixture  is  readily  burned  under  proper  conditions 
of  air  supply  and  temperature.  The  conditions  involved  in 
the  combustion  of  the  gases  and  vapors  may  readily  be 
studied  by  the  aid  of  the  flame  of  a  common  tallow  candle. 
The  tallow  forms  a  supply  of  solid  hydrocarbon  that  under 
the  action  of  the  heat  of  the  flame  is  liquefied  then  by 
capillary  attraction,  it  is  drawn  up 
into  the  wick  to  a  point  where  the 
heat  is  sufficient  to  vaporize  it.  A 
process  of  distillation  here  goes  on 
and  a  blue,  transparent,  cone-shaped 
mass  of  vapor  and  gas,  shown  at  £ 
in  Fig.  1,  is  formed.  The  heat  of  the 
flame  causes  a  current  of  air  to  ap 
proach  from  all  sides  and  provides 
a  supply  of  oxygen  that  comes  in 
contact  with  the  surface  of  the  hot 
cone  of  vapor.     The  air  that  reaches  "°'  * 

this  part  of  the  Hame,  however,  is  not  sufficient  for  the  com- 
plete combustion  of   the  vapor,  and  since  the  hydrogen  in 
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the  hot  cone  has  a  greater  affinity  for  oxygen  than  it  has  for 
carbon,  the  hydrogen  combines  with  ail  the  available  oxygen 
and  burns  to  water,  H.O/  The  carbon  is  left  in  the  form  of 
minute  solid  particles  that  become  highly  heated  and  give 
this  part  of  the  tlame  its  bright  yellow  color.  As  the  hot 
particles  of  cart}on  rise,  they  come  in  contact  with  the  inward 
current  of  air,  which  furnishes  oxygen  sufficient  to  bum 
them  to  CO,.  The  gas  so  produced,  mixed  with  the  H,0 
from  the  luminous  portion  b  of  the  flame,  forms  the  nearly 
colorless  outer  and  upper  section  a  thai  gradually  mixes  with 
the  surrounding  air,  cools,  and  becomes  wholly  invisible. 

If  the  end  of  a  glass  tube  is  inserted  into  the  inner  cone  of 
the  flame,  as  shown  in  Fig.  2,  a  part  of  the  gas  that  has 
-  not  yet  received  a  supply  of  air 
[nay  be  drawn  off.  In  passing 
through  the  tube,  this  gas  is 
cooled  below  the  temperature 
at  which  it  will  burn  and  issues 
from  the  tube  into  the  air  with- 
out igniting.  By  applying  a 
lighted  match  to  this  gas  and 
heating  it,  it  may  be  lighted 
and  burned.  This  simple  ex- 
periment illustrates  two  of  the 
most  important  principles 
involved  in  the  economical  com- 
bustion of  the  gases  in  a  boiler 
furnace.  It  shows:  (!)  that  the 
gas  that  has  been  cooled  below 
the  temperature  of  ignition  can- 
not be  burned  merely  by  furnishing  a  supply  of  air;  (2) 
that  when  the  gas  is  supplied  with  air,  it  can  be  burned  if  its 
temperature  is  raised  lo  the  igniting  point. 


4.  Ifn^Itlon  Temperature, — In  order  to  burn  the  fixed 
carbon  that  is  in  the  coal,  a  high  temperature  is  needed  to 
cause  the  atoms  of  carbon  to  combine  with  the  oxygen  sup- 
plied  by   the    air.     The  igniting   temperature  of  the  fixed 
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carbon,  and  of  the  volatile  substances  also,  is  estimated  to  be 
about  1,800°  F.  Since  the  maximum  temperature  in  the 
furnace  rarely  exceeds  2,500°  F.,  and  is  ordinarily  several 
hundred  degrees  less,  it  is  seen  that,  on  account  of  the  rela- 
tively small  difference  between  the  igniting  temperatures  of 
the  carbon  and  gases  and  the  maximum  temperature  in  the 
furnace,  constant  care  is  needed  to  prevent  the  temperature 
in  the  furnace  falling  below  1,800°  F.  The  temperature  in 
the  furnace  can  be  judged  quite  accurately  by  the  appearance 
or  color  of  the  fire,  in  accordance  with  the  relation  between 
color  and  temperature  given  in  the  accompanying  table. 

When  the  supply  of  air  is  sufficient  and  the  temperature 
high  enough,  the  carbon  burns  to  carbon  dioxide,  CO,,  which, 
being  the  product  of  complete  combustion,  is  incombustible. 
With  a  high  temperature  and  a  deficient  air  supply,  carbon 
monoxide,  CO,  is  formed.  Since  this  gas  is  the  product  of 
incomplete  combustion,  it  can  be  burned  to  COt  by  bringing 
it  into  intimate  contact  with  air  while  highly  heated. 

TABLE  I 
COLOR    AND    TEMPERATURE    OF    FIRE 


Tempera- 
ture 

1 

Tempera- 
ture 

Degrees 
Fahren- 
heit 

Appearance 

Degrees 
Fahren- 
heit 

1 

Appearance 

980 

Red — just  visible 

2,010 

Dull  orange 

1,290 

Dull  red             1 

1 

2,190 

Bright  orange 

1,470 

Dull  cherry  red      1 

2,370 

White  heat 

1,657 

Full  cherry  red      j 

2,550 

White,  welding  neat 

1,830 

Bright  red 

2,740 

White,  dazzling  heat 

5.  Coinbttstlon  of  Solid  Carbon. — When  solid  carbon 
burns  on  a  grate,  the  chemical  changes  or  reactions  are  about 
as  follows:  Some  of  the  oxygen  of  the  air  that  rises  through 
the  grate  combines  with  the  first  layers  of  hot  carbon  in  the 
proportion  of  two  atoms  of  oxygen  to  one  atom  of  carbon, 
and   carbon   dioxide,  COty  is  formed.      As    the   gases   rise 
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through  the  fire,  more  of  the  oxygen  combines  with  carbon, 
and  as  long  as  the  supply  of  air  is  sufficient  and  well  dis- 
tributed, the  combination  is  mostly  in  the .  proportion  that 
produces  CC>..  With  a  thick  bed  of  fuel,  however,  or  an 
arrangement  of  the  fuel  that  does  not  permit  of  a  proper 
distribution  of  the  air,  there  will  be  some  portions  of  the  fire 
in  which  the  supply  of  oxygen  is  not  great  enough  to  furnish 
the  two  atoms  for  the  production  of  CO,;  only  one  atom  of 
oxygen  will  be  available  for  combination  with  some  of  the 
carbon  atoms  burned,  and  the  product  will  be  CO,  Further, 
when  a  molecule  of  CO,  comes  into  close  contact  with  the 
hot  carbon,  the  attraction  of  the  carbon  for  oxygen  is  so 
great  that  one  atom  of  the  oxygen  leaves  the  CO,  and  com- 
bines with  an  atom  of  carbon;  two  molecules  of  CO  are  thus 
formed,  one  by  the  separation  of  one  of  the  oxygen  atoms 
from  the  molecules  of  CO.,  and  the  other  by  the  combination 
with  an  atom  of  carbon  of  the  oxygen  atom  so  released. 
The  separation  of  a  given  weight  of  CO,  into  CO  and  O 
absorbs  as  much  heat  as  was  developed  when  the  CO  com- 
bined with  oxygen  to  form  the  CO,]  the  net  production  of 
heat  is  the  same,  whether  a  certain  amount  of  carbon  is 
burned  to  CO  directly  and  passes  off  in  that  form,  or  a  part 
of  it  is  first  burned  to  CO,  and  this  gas  is  then  decomposed, 
with  the  production  of  CO  and  of  oxygen  that  combines  with 
the  remainder  of  the  carbon  to  form  CO.  The  carbon  mon- 
oxide formed  in  the  fuel  bed  passes  into  the  furnace,  and  if 
there  is  not  sufficient  oxygen  present,  or  if  the  temperature 
is  not  high  enough,  it  will  pass  away  unburned.  If  suf- 
ficient oxygen  is  present  and  the  furnace  temperature  is 
high  enough,  each  molecule  of  CO  will  combine  with 
another  atom  of  oxygen  and  thus  burn  to  CO,. 

6.  Summary. — A  careful  study  of  the  outlines  of  the 
processes  involved  shows  that  economical  combustion,  both 
of  the  volatile  matter  and  of  the  solid  carbon,  involves 
the  following  essential  conditions:  (1)  there  must  be  a 
supply  of  air  sufficient  to  furnish  the  oxygen  required  for 
complete  combustion;   (2)  this  air  must  be  so  distributed  as 
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to  bring  the  oxygen  into  intimate  contact  with  all  parts  oi 
the  fuel;  (3)  the  temperature  must  be  high  enough  to  bring 
about  the  combustion.  With  any  of  these  essentials  lack- 
ing, there  will  be  incomplete  combustion  and  a  loss  of  heat. 


SMOKE 


SMOKE    FORMATION 

7.  The  smoke  arising  from  an  ordinary  coal  fire  may 
properly  be  divided  into  two  classes:  (1)  the  partly  con- 
densed tarry  vapors  produced  by  the  distillation  of  the  fuel; 
(2)  the  minute  particles  of  solid  carbon  left  when  the  hydro- 
carbons are  but  partially  burned.  Smoke  of  the  second  class 
is  so  objectionable  that  some  steamships,  in  order  to  pro- 
mote the  comfort  of  passengers,  bum  only  anthracite,  which 
burns  practically  without  smoke. 

8.  When  hydrocarbons  are  heated  in  the  presence  of  air, 
the  affinity  of  the  hydrogen  for  oxygen  is  great  enough  to 
cause  it  to  separate  from  the  carbon  and  combine  with  the 
oxygen.  If  the  supply  of  air  is  sufficient  and  the  tempera- 
ture is  sufficiently  high,  the  carbon  set  free  will  burn  and 
practically  no  smoke  will  be  produced.  If,  however,  there 
is  a  limited  supply  of  air  or  too  low  a  temperature  for  their 
combination  with  oxygen,  the  carbon  atoms  will  combine 
with  each  other  and  form  molecules  of  carbon  that  collect 
into  minute  particles  of  solid  carbon.  It  is  the  presence  of 
these  heated  carbon  particles  that  gives  color  to  the  flame 
of  an  ordinary  lamp  or  fire.  If  they  can  be  supplied  with 
oxygen  at  a  high  enough  temperature,  they  will  burn,  as  in 
the  flame  of  the  candle,  Fig.  1.  Under  unfavorable  condi- 
tions, however,  these  solid  particles  of  carbon  do  not  bum, 
but  are  deposited  as  soot  or  are  caisried  out  of  the  furnace 
with  the  gases  as  smoke.  The  nature  of  these  unfavorable 
conditions  can  well  be  studied  by  considering  the  action  of 
an  ordinary  kerosene  lamp.  With  a  good  chimney,  a  flame 
not  too  high,  and  a  clean  burner,  the  lamp  burns  with  a 
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bright,  steady  flame  and  no  smoke.  The  bright  flame  indi- 
cates a  high  temperature,  and  the  absence  of  smoke  shows 
that  the  air  supply  is  ample  and  well  distributed.  Insert  a 
cold  iron  rod  into  the  flame  from  the  top  of  the  chimney;  a 
deposit  of  soot — uaburned  carbon — collects  on  the  rod,  and 
the  gas  that  rises  along  the  sides  of  the  rod  is  cooled  so 
much  that  a  part  of  the  carbon  is  not  burned  and  considerable 
smoke  is  formed.  Interfere  with  the  air  supply  by  partly 
closing  the  top  of  the  chimney  or  the  holes  in  the  burner; 
a  cloud  of  smoke  is  formed.  Remove  the  chimney,  so  as  to 
interfere  with  the  distribution  of  the  air  to  the  lower  part  of 
the  flame  while  a  large  volume  of  cold  air  meets  the  upper 
part,  and  a  condition  obtains  in  which  the  carbon  is  cooled 
by  the  action  of  an  excessive  supply  of  cold  air  imperfectly 
distributed.  Turn  the  wick  too  high,  and  the  formation  of 
the  gases  is  too  rapid  in  comparison  with  the  supply  of  air; 
hence,  part  of  the  gases  cools  below  the  temperature 
required  for  perfect  combustion. 


SMOKE    PREVENTION 

9.  It  is  seldom  that  the  supply  of  air  to  a  boiler  furnace 
is  not  great  enough  to  burn  the  carbon  and  prevent  the 
formation  of  smoke;  in  fact,  it  is  often  found  that  large 
volumes  of  smoke  are  accompanied  by  a  liberal  supply  of 
oxygen.  The  more  common  condition  when  smoke  is 
formed  is  too  low  a  temperature  of  the  fire  or  a  distribution 
of  the  air  that  prevents  oxygen  from  reaching  the  carbon 
before  it  is  cooled  by  contact  with  the  boiler  plates.  Heavy 
firing,  by  means  of  which  large  volumes  of  gas  are  formed 
and  the  furnace  greatly  cooled,  is  one  of  the  most  prolific 
causes  of  smoke  production.  Owing  to  the  high  ignition 
temperature  of  solid  carbon,  smoke,  when  once  formed,  is 
extremely  difficult  to  hum.  With  properly  constructed  fur- 
naces, good  draft,  and  careful  management,  smoke  pre- 
vention is  possible;  smoke  consumpHon,  however,  may  be 
said  to  be  practically  impossible  under  any  of  the  conditions 
existincr  in  the  furnace  of  a  steam  boiler. 
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10,  If  the  bed  of  burning:  fuel  is  thick  and  the  draft 
sluggish,  carbon  monoxide  will  rise  from  the  surface  of  the 
fire,  and  if  it  is  not  burned  to  carbon  dioxide  by  mingling 
with  air  admitted  above  the  fire,  it  will  pass  through  the 
flues  and  cause  a  great  loss  of  heat — about  10,100  British 
thermal  units  for  each  pound  of  carbon. 

Two  remedies  for  this  type  of  loss  are  available:  (1)  the 
fuel  bed  may  be  made  so  thin  that  sufficient  air  can  enter 
through  the  grate,  either  to  prevent  the  formation  of  carbon 
monoxide  or  to  bum  it  to  carbon  dioxide  as  soon  as  it  is 
formed;  (2)  sufficient  air  to  burn  the  carbon  monoxide  that 
rises  from  the  coal  may  be  admitted  into  the  furnace  above 
the  fire.  If  there  is  a  brisk  fire  and  a  consequent  high  tem- 
perature in  the  furnace,  the  carbon  monoxide  can  be  easily 
burned  by  either  of  the  two  methods  given,  a  short,  pale 
blue  flame  being  produced  near  the  surface  of  the  fuel. 
With  a  slow,  dull  fire,  the  temperature  in  the  furnace  may 

be  too  low  to  ignite  the  escaping  gas,  which  will  pass  out 

* 

with  any  air  that  may  be  present,  no  combination  taking 
place.  There  is,  thus,  a  double  loss;  heat  is  wasted  not 
only  by  the  escape  of  carbon  monoxide,  but  also  by  the  heat- 
ing of  the  excess  of  air. 

1 1  •  The  presence  of  unconsumed  carbon  monoxide  is  not 
easily  detected  by  mere  observation,  owing  to  the  gas  being 
colorless.  By  regulating  the  fire,  however,  so  that  a  high 
temperature  is  maintained  in  the  furnace,  and  by  watching 
the  surface  of  the  burning  fuel  to  see  that  sufficient  air  is 
present  to  produce  the  pale  blue  flame  previously  mentioned, 
it  is  possible  to  make  reasonably  sure  that  the  amount  of 
unconsumed  carbon  monoxide  will  be  exceedingly  small. 

With  a  large  grate  area  and  a  very  low  rate  of  combustion, 
there  is  usually  formed  a  considerable  quantity  of  uncon- 
sumed CO,  owing  to  the  relatively  low  temperature  in  the 
furnace.  In  the  case  of  a  single  boiler,  the  remedy  is  to 
restrict  the  grate  area  by  bricking  up  with  one  or  more 
courses  of  firebrick,  so  as  to  secure  a  higher  rate  of  combus- 
tion and  the  consequent  high  temperature.     In  the  case  of 
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several  boilers,  one  or  more  may  be  cut  out  of  service  when 
conditions  permit  in  order  to  secure  a  higher-  combustion 
rate  and  temperature  in  the  furnaces  of  the  boilers  in  ser- 
vice. Simply  admitting  more  air  when  there  is  a  very  low 
rate  of  combustion  is  liable  to  aggravate  the  heat  losses, 
since  it  will  result  in  still  further  lowering  the  temperature 
of  the  furnace. 

The  escape  of  unconsumed  hydrocarbon,  with  its  attendant 
loss  of  heat,  is  more  readily  detected  by  direct  observation 
of  the  fire  than  carbon  monoxide,  especially  when  the  loss 
from  this  source  is  large.  The  yellowish  vapors  that  rise 
from  freshly  fired  coal  are  familiar  to  all  firemen  and 
are  an  evidence  of  unconsumed  hydrocarbons.  When  the 
heavier  hydrocarbons  are  contained  in  the  smoke  in  consid- 
erable quantities,  the  smoke  from  the  smokestack  is  yellowish 
in  color  and  has  a  tarry  odor. 

12.  The  conditions  required  for  the  complete  combustion 
of  the  hydrocarbons  are  the  same  as  for  the  fixed  carbon  of 
the  fuel;  that  is,  a  sufficient  air  supply,  an  intimate  mixture 
of  the  air  with  the  gases,  and  a  high  temperature.  In  prac- 
tice, it  seldom  happens  that  a  large  part  of  the  carbon  in  the 
volatile  matter  escapes  unburned,  even  when  a  great  deal  of 
black  smoke  is  produced.  Owing  to  its  finely  divided  state, 
a  small  quantity  of  carbon  will  give  a  high  color  to  a  large 
volume  of  gas  coming  from  a  chimney,  and  there  will  appear 
to  be  a  serious  waste  when  the  actual  heat  loss  is  really 
comparatively  small. 

Numerous  careful  tests  in  stationary  steam-engineering 
practice  have  shown  that  the  production  of  black  smoke  does 
not  necessarily  represent  a  great  loss  in  efficiency.  In  many 
cases,  it  has  even  been  found  that  a  reduction  of  efficiency 
accompanied  the  use  of  furnace  arrangements  that  were  suc- 
cessful in  preventing  smoke.  The  reason  for  this  appears 
to  be  that  the  gases  were  burned  with  a  large  excess  of  air, 
which,  while  so  controlled  as  to  burn  the  carbon  to  CO  or  CO,, 
thus  rendering  it  invisible,  carried  much  more  heat  from  the 
furnace    than   was  developed   by    the   comparatively    small 
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weight  of  carbon  that  would  have  appeared  in  the  smoke. 
The  losses  due  to  solid  carbon  falling  into  the  ash-pit,  the 
escape  of  unburned  hydrocarbons,  incomplete  combustion  of 
the  fixed  carbon  on  the  grate,  and  a  needless  excess  of  air 
are  always  much  more  serious  than  the  loss  due  to  the  forma- 
tion of  black  smoke. 

Although  smoke  in  itself  represents  no  serious  loss  of 
heat,  its  production  in  large  quantities  is  often  the  result  of 
conditions  that  produce  imperfect  combustion  of  the  carbon 
monoxide  and  the  hydrocarbons.  A  low  furnace  tempera- 
ture, the  piling  of  coal  on  the  fire  in  such  large  quantities 
that  an  excessive  volume  of  combustible  gas  is  given  off, 
while,  at  the  same  time,  the  furnace  temperature  is  lowered 
by  the  heat  absorbed  in  the  process  of  distilling  the  volatile 
matter  from  the  freshly  fired  coal,  and  also  the  admission  of 
large  volumes  of  cold  air,  tend  to  produce  black  smoke,  and, 
besides,  represent  serious  and  unnecessary  heat  losses. 


AIR  SUPPLY  TO  FUUNACE 


AIR    SUPPI^Y    BELOW    GRATE 

13,  It  has  been  shown  that  the  complete  and  economical 
combustion  of  coal  and  the  prevention  of  smoke  depend  pri- 
marily on  a  sufficient  air  supply  being  brought,  under  proper 
conditions,  into  intimate  contact  with  the  fixed  carbon  and 
volatile  combustibles.  Without  the  proper  distribution  of 
the  air  supply,  the  high  temperature  necessary  for  complete 
combustion  cannot  be  maintained.  One  of  the  best  methods 
of  supplying  the  air  is  that  in  which  the  fire  is  thin  and  open 
enough  to  permit  sufficient  air  to  rise  through  the  grate  and 
fuel  bed.     The  advantages  of  this  method  are  as  follows: 

The  air,  in  rising  through  the  fuel  bed,  becomes  highly 
heated.  If  a  clean,  even  fire  is  maintained,  the  air  supply  is 
well  distributed  and  comes  in  intimate  contact  with  the  gases 
almost  as  soon  as  they  are  formed;  the  air  and  gases  are 
thus  thoroughly  mixed  in  the  vicinity  of  the  hottest  part  of 
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the  furnace,  and  complete  combustion  follows.  The  dangler 
of  chilling  the  boiler  plates  by  a  current  of  cold  air  is  less 
than  when  the  air  is  admitted  at  any  point  above  the  grates. 

With  this  method  of  air  supply,  the  firing  must  be  care- 
fully done;  the  fire  must  be  maintained  at  a  moderate  and 
even  thickness,  the  grates  must  be  kept  cleaa,  and  each  air 
space  must  be  kept  as  free  from  clinkers  as  possible.  No 
bare  spots  should  be  allowed  to  form,  and,  finally,  the  coal 
should  be  supplied  in  small  quantities  and  often,  each 
shovelful  being  spread  over  as  much  surface  as  possible. 
Large  lumps  should  always  be  broken  before  being  fired,  and 
in  no  case  should  a  thick  mass  of  freshly  fired  coal  be  allowed 
to  collect  in  any  part  of  the  furnace.  Such  a  method  of 
firing  demands  care  and  close  attention  on  the  part  of  the 
fireman,  but  if  it  is  carefully  followed,  the  coal  will  be  burned 
in  a  very  economical  manner  and  without  the  formation  of 
black  smoke.  The  reduction  in  the  amount  of  coal  that  must 
be  handled  will,  in  a  great  degree,  make  up  for  the  apparent 
increase  in  labor  connected  with  such  a  system  of  firing. 

The  thickness  of  the  bed  of  fuel  to  be  used  with  this  sys- 
tem of  firing  depends  on  the  quality  of  the  fuel  and  the 
intensity  of  the  draft.  In  general,  it  may  be  stated  that  the 
best  results  will  be  obtained  with  a  good  strong  draft  that 
will  permit  of  a  fuel  bed,  with  reasonably  good  bituminous 
coal,  of  from  7  to  12  inches  in  thickness.  The  thickness 
can  best  be  determined  by  actual  trials  and  carefully  watch- 
ing the  results.  

AIR  SUPPLY  ABOVE  GRATE 

14.  In  a  great  many  cases,  it  is  impracticable,  or  at  least 
difficult,  to  regulate  the  fire  so  carefully  as  to  secure  a  proper 
supply  of  air  through  the  grates.  For  example,  in  Western 
river  and  similar  service,  where  the  demand  for  steam  and 
the  intensity  of  the  draft  are  very  irregular,  it  is  found  to  be 
practically  impossible  to  maintain  a  depth  of  fire  that  will 
conform  to  the  irregularity  in  the  conditions  of  running. 
The  heavy  currents  of  air  drawn  through  the  thin  bed  of  fuel 
by  the  irregular  action  of  the  exhaust  tear  holes  in  the  fire  if 
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it  is  kept  too  thin,  thus  allowing:  larg:e  quantities  of  cold  air 
to  enter  at  one  place;  these  currents  of  cold  air,  in  addition  to 
their  evil  effects  on  the  combustion  of  the  g:ases  and  their 
chilling  effect  on  the  boiler,  often  carry  considerable  quanti- 
ties of  solid  fuel  into  the  flues. 

It  is  seldom  that  the  conditions  are  as  unfavorable  in  sea- 
going service  as  in  Western-river  service,  but  there  are  many 
cases  in  which  the  irregularity  of  the  draft,  or  of  the  demand 
for  steam,  is  considerable;  the  quality  of  the  fuel  may  also 
make  it  very  difficult  to  keep  a  clean,  open  tire  that  will 
permit  the  steady  supply  of  air  demanded;  it  is,  therefore, 
often  essential  that  means  be  provided  for  furnishing, 
through  openings  above  the  grate,  at  least  a  part  of  the  air 
required  to  burn  the  gases.  Of  the  methods  used  for  this 
purpose,  the  one  most  commonly  found  is,  perhaps,  either 
a  partly  opened  fire-door  or  some  special  arrangement  of 
openings  through  the  fire-door  that  will  serve  as  an  inlet 
for  the  air  and  distribute  it  over  the  fire  in  a  more  or 
less  satisfactory  manner. 

A  partly  opened  door  must  be  regarded  as  one  of  the 
most  unsatisfactory  means  of  getting  air  into  the  furnace 
that  could  be  devised.  The  air  enters  in  a  large  stream  that 
is  more  likely  to  cool  the  small  proportion  of  the  gas  that  it 
reaches  below  its  ignition  temperature  than  it  is  to  promote 
its  combustion;  further,  the  concentrated  current  of  cold  air 
is  almost  sure  to  strike  a  limited  section  of  the  furnace, 
which  section  becomes  chilled;  this,  in  turn,  produces  severe 
stresses  in  the  boiler  plates.  Much  more  satisfactory  results 
are  obtained  when  the  door  is  provided  with  special  openings 
that  serve  to  divide  the  entering  current  of  air  and  distribute 
it  over  a  considerable  part  of  the  grate.  The  perforated  inner 
door  is  particularly  useful  in  this  respect;  it  serves  the  com- 
bined purpose  of  protecting  the  outer  door  from  the  heat 
radiated  from  the  fire  and  of  dividing  the  entering  current  of 
air  into  a  large  number  of  small  jets,  which  are  considerably 
heated  in  their  passage  over  its  surface,  and  are  then  distrib- 
uted to  the  fire  through  the  perforations  and  around  the 
edges  of  the  plate. 
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16,  With  a  large  furnace  working  under  natural  draft,  it 
may  be  difficult  either  to  admit  sufficient  air  through  the 
perforated  door  to  supply  all  parts  of  the  furnace  or  to 
properly  distribute  the  air  so  admitted.  To  remedy  this 
defect,  recourse  is  had,  in  marine  practice,  to  admitting  the 
air  above  the  grate  under  pressure,  as  is  done  in  the  How- 
den  and  also  in  the  Ellis  &  Eaves  mechanical-draft  systems. 
In  firebox  and  locomotive-type  marine  boilers  working  under 
natural  draft,  a  few  rows  of  hollow  staybolts  may  be  used 
just  above  -the  surface  of  the  fire;  these  admit  air  in  small 
jets  that  enter  that  part  of  the  furnace  least  likely  to  be 
reached  by  air  from  the  door,  at  right  angles  to  the  current 
of  the  gases,  and  the  air  is  thus  more  easily  mixed  with  the 
gas  than  would  be  the  case  if  the  currents  were  parallel.  A 
point  that  would  seem  to  be  unfavorable  to  the  ultimate 
success  of  any  attempt  to  introduce  air  through  the  sides  of 
the  furnace  in  this  manner  is  the  difficulty  of  controlling  the 
quantity  so  introduced  in  accordance  with  the  varying  con- 
ditions of  draft  and  fuel  supply. 

16.  The  admission  of  air  through  properly  constructed 
openings  in  the  bridge  wall  and  above  the  fire  has  been 
shown,  by  experiment,  to  produce  economical  results  when 
a  bituminous  coal  rich  in  volatile  matter  and  producing  a 
long,  smoky  flame  is  used.  The  openinjjs  throngrh  the  bridge 
wall  should  be  so  arranged  as  to  discharge  the  air  in  a 
number  of  jets  at  a  right  angle  to  the  direction  of  flow  of 
the  gases.  The  space  back  of  the  bridge  sliould  then  be 
large  enough  to  form  a  combustion  chamber  in  which  there 
will  be  a  thorough  mixture  and  complete  combustion  before 
the  air  and  gas  are  chilled  by  entering  the  tubes.  A  large 
space  produces  a  relatively  moderate  velocity  of  flow  of 
the  gases,  which  is  favorable  to  the  intimate  mixture  of  the 
air  and  gas.  

HEATED-AIR    SUPPLY 

17.  While  it  would  be  an  advantage  to  have  the  air 
enter  at  a  high  temperature,  no  means  have  yet  been  devised 
that    will    accomplish    this    in    an    economical  manner  with 
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natural  draft.  Of  course,  the  temperature  of  the  air  is  raised 
to  a  slight  degree  in  its  passage  through  the  ash-pit,  or  the 
openings  in  the  setting  leading  to  the  bridge,  and  in  passing 
through  the  bridge  to  the  openings  through  which  it  is  dis- 
charged, but  the  actual  gain  by  this  means  is  relatively 
unimportant,  even  when  rather  elaborate  systems  of  pas- 
sages are  used.  Some  of  the  difficulties  attendant  on  this 
method  are  the  following:  In  order  to  prevent  loss  from 
too  much  or  too  little  air,  the  passages  must  be  controlled 
by  dampers  that  should  be  regulated  according  to  the  con- 
dition of  the  fire  and  the  rate  of  combustion;  this  demands 
close  attention  and  intelligent  care  on  the  part  of  the  fire- 
man, who  must  either  maintain  nearly  constant  conditions 
in  the  furnace  or  change  the  dampers  as  often  as  there  is 
a  material  change  in  the  condition  of  the  fire.  The  pas- 
sages through  the  bridge  wall  may  give  trouble  by  becoming 
clogged  with  ashes  and  clinkers  that  have  been  pushed  back 
from  the  fire  during  cleaning  or  carried  back  by  the  draft, 
and  so  become  useless.  The  method  is  limited  in  its  appli- 
cation to  furnaces  so  constructed  that  there  is  room  for  a 
combustion  chamber  of  considerable  size,  in  which  mixture 
and  combustion  may  take  place  before  the  gases  are  cooled. 
The  difficulties  just  mentioned  are  minimized  in  mechan- 
ical-draft systems,  like  the  Howden  and  the  Ellis  &  Eaves 
systems,  where  the  heated  air  is  discharged,  under  pressure, 
where  it  will  do  the  most  good,  and  where  there  is  an 
absence  of  passages  likely  to  give  trouble  by  becoming 
choked  with  ashes  and  refuse.  The  proper  control  of  the 
supply  of  heated  air  above  and  below  the  grate  demands 
intelligent  supervision,  however,  in  both  of  these  systems. 
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FURNACE    AND    COMBUSTION    CHAMBER 


SHAPE    AND    SIZE    OF    FURNACE 

18,  The  lowest  temperature  at  which  ignition  of  the 
gases  can  take  place  is  about  1,800  F.  By  reference  to  the 
Steam  Tables,  in  Heat  and  Steam^  it  is  seen  that  the  tempera- 
ture of  the  water  in  the  boiler,  even  under  a  pressure  of  200 
pounds  per  square  inch,  is  less  chan  400°  F.;  this  is  practi- 
cally the  temperature  of  the  surface  of  the  boiler.  It  is 
therefore  evident  that  any  gas  that  comes  into  close  contact 
with  the  boiler  before  being  burned  will  be  cooled  below  the 
point  of  ignition,  and,  unless  subsequently  heated,  will  be 
carried  to  the  smokestack  unconsumed.  With  coals  contain- 
ing large  quantities  of  volatile  matter  and  burning  with  a 
long  smoky  flame,  it  follows  that  the  firebox  must  be  of 
ample  depth  to  provide  a  space  in  which  the  great  volume 
of  gas  can  burn  before  being  cooled;  or  that  there  must  be  a 
combustion  chamber  in  which  the  gas  can  bum  after  leaving 
the  firebox. 

The  danger  of  loss  from  cooling  the  gases  too  suddenly  is 
greatest  in  internally  fired  boilers  of  the  vertical,  locomotive, 
and  firebox  types.  Unless  the  crown  sheet  is  unusually  high 
above  the  grate,  vertical  boilers  are  especially  unfitted  for 
the  use  of  rich  bituminous  coals.  Locomotive-type  and  fire- 
box boilers,  if  properly  managed,  are  better;  by  the  use 
of  the  coking  system  of  firing,  the  gas  must  pass  through 
the  length  of  the  firebox  and  over  the  hot  bed  of  coke,  thus 
giving  it  considerable  time  to  burn  before  entering  the  tubes, 
the  heat  radiated  from  the  coke  helping  to  keep  it  at  a  tem- 
perature at  which  combustion  is  possible. 

Firebox  and  locomotive-type  marine  boilers  may  be  fitted 
with  firebrick  arches  that  extend  from  the  tube  sheet  toward 
the  door  and  force  the  gases  to  take  a  path,  first  toward  the 
door  and  then  bcick  above  the  arch  to  the  tubes.  The  arch 
becomes  highly  heated,  thus  preventing  the  cooling  of  the 
gases  before  they  become  mixed  with  the  air,  and  the  path 
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of  the  gases  is  lengthened  sufficiently  to  enable  them  to  bum 
before  entering  the  tubes.  It  also  increases  the  life  of  the 
flues  by  preventing  the  entrance  of  large  volumes  of  cold 
air  when  the  door  is  opened,  and  thus  aids  in  maintaining  a 
more  even  temperature. 

The  opinion  of  railroad  men,  almost  without  exception,  is 
in  favor  of  the  firebrick  arch  for  locomotives  burning  bitu- 
minous coals,  and  there  is  no  doubt  that  the  principle 
involved  in  its  use  can  be  employed  to  great  advantage  in 
marine  work  for  similar  boilers. 


ADMISSION    OF    STEAM    INTO    FURNACE 

19,  When  steam  is  admitted  into  the  furnace  through 
the  ash-pit,  or  otherwise,  it  is  decomposed  by  the  heat  into 
its  constituents,  hydrogen  and  oxygen.  This  process,  how- 
ever, absorbs  as  much  heat  as  can  possibly  be  developed  by 
the  combustion  of  the  hydrogen  thus  formed.  From  this  it 
follows  that  there  can  be  no  possible  gain  in  heat  from  intro- 
ducing steam.  In  fact,  there  are  several  features  that  may 
cause  the  use  of  steam  to  result  in  an  actual  loss  of  heat; 
there  is  danger  that  much  of  the  hydrogen  liberated  by  the 
decomposition  of  the  steam  may  escape  unburned  owing  to 
the  reduction  of  temperature  of  the  fuel  bed  produced  by 
the  decomposition  of  the  steam.  Also,  the  steam  enters  the 
ash-pit  at  a  temperature  seldom  above  212°  F.  and  passes 
into  the  chimney  at  the  temperature  of  the  flue  gases,  which 
is  rarely  below  400°  F.  It  thus  carries  more  heat  into  the 
chimney  than  it  introduces  into  the  furnace. 

The  use  of  a  steam  jet  for  forcing  air  into  the  ash-pit,  and 
the  admission  of  steam  through  a  small  pipe  to  the  ash-pit 
are  quite  common  in  stationary  practice,  but  very  uncommon 
in  marine  work.  There  are  cases,  however,  where  either 
method  may  be  advantageously  employed  in  marine  work, 
which  occur  when  coals  that  tend  to  clinker  badly  and  stick 
to  the  grate  bars  must  be  used.  With  such  coals,  the  effect 
of  the  steam  is  to  prevent  the  clinkering  to  a  considerable 
extent;  this  enables  the  fireman  to  keep  the  grate  cleaner, 
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prevents  the  destruction  of  the  g:rate,  and,  on  account  of  the 
improved  condition  of  the  fire,  permits  of  a  better  distribu- 
tion of  air  and  more  complete  and  economical  combustion. 
In  the  case  of  a  steam  jet  forcing^  air  into  the  ash-pit,  or  a 
steam  jet  in  the  smokestack,  using;  live  steam,  there  is  often 
an  increased  economy  in  the  use  of  the  coal  over  that  which 
is  obtained  by  natural  draft;  the  gain,  however,  must  be 
ascribed  solely  to  the  improved  air  supply,  and  not  to  the 
fact  that  steam  is  used.  A  similar  improvement  in  the  draft 
by  means  of  a  higher  smokestack  or  by  some  mechanical- 
draft  appliance  will  generally  give  even  better  results  than 
can  be  obtained  by  the  use  of  steam. 


COMBUSTION    CHAMBER 

20.  In  internally  fired  boilers  of  the  Scotch  marine  and 
similar  types,  having  large  furnace  flues  that  open  into  a 
chamber  in  the  rear,  the  gases  that  are  cooled  by  contact 
with  the  walls  of  the  flue  and  pass  through  it  unconsumed 
sometimes  burn  in  the  rear  chamber,  which,  for  this  reason, 
is  given  the  name  combustion  chamber.  With  exter- 
nally fired  boilers  of  the  flue  type,  the  space  back  of  the 
bridge  serves  the  purpose  of  a  combustion  chamber  to  a 
certain  extent.  The  gases,  however,  tend  to  rise  and  flow 
along  the  cold  surface  of  the  boiler;  it  is,  therefore,  difficult 
to  prevent  a  considerable  body  from  thus  becoming  cooled 
below  the  ignition  temperature  and  passing  unconsumed  into 
the  tubes. 

Water-tube  marine  boilers  generally  have  no  distinct  com- 
bustion chamber,  unless  the  term  be  applied  to  the  upper 
space  within  the  jacket  surrounding  the  boiler.  The  gases 
rise  nearly  vertically  from  the  fuel  bed  and  pass  from  the 
firebox  immediately  into  contact  with  the  tubes;  the  narrow 
spaces  between  the  tubes  divide  the  gases  into  thin  sheets 
that  are  rapidly  cooled  below  the  temperature  of  ignition. 

The  vertical  direction  of  the  current  of  gases  in  the  furnace 
makes  it  difficult  to  secure  any  considerable  admixture  of  air 
from  the  fire-door;  the  chief  dependence  for  the  air  supply 
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must  therefore  be  on  the  air  that  rises  through  the  grates 
and  passes  upwards  through  the  bed  of  fuel.  These  condi- 
tions make  it  essential,  for  complete  and  economical  com- 
bustion, that  a  sufficient  supply  of  air  be  admitted  through 
the  grate  itself,  and  that  the  supply  be  well  distributed  over 
the  whole  grate  area,  so  that  it  may  become  mixed  with  the 
gases  almost  as  soon  as  they  are  formed.  It  is  also  impor- 
tant that  the  grate  be  placed  far  enough  below  the  tubes  to 
permit  of  a  thorough  mixture  of  the  gas  and  air  and  of 
complete  combustion  of  the  gas  before  it  enters  the  space 
between  the  tubes.  

HEAT    LOSSES  AND    THEIR    PREVENTION 


MISCELLANEOUS    HEAT    LOSSES 

21.  A  portion  of  the  heat  generated  in  the  furnace  is 
usefully  expended  in  evaporating  water,  but  a  large  percentage 
of  the  heat  is  often  wasted.  Some  of  these  heat  losses  are 
unavoidable,  while  others  are  due  to  poor  management  or  poor 
design  of  the  boiler. 

The  heat  losses  due  to  incomplete  combustion  of  the  car- 
bon and  hydrocarbons,  the  formation  of  smoke,  excessive 
air  supply,  etc.  have  already  been  pointed  out,  and  the 
methods  of  preventing  them  have  been  explained.  In  addi- 
tion to  these  losses,  there  is  the  loss  of  heat  inseparable 
from  the  use  of  natural  draft.  Since  the  draft  depends 
entirely  on  the  difference  in  density  between  the  gases 
within  the  smokestack  and  the  air  surrounding  the  smoke- 
stack, it  follows  that  the  heat  required  to  produce  the  differ- 
ence in  density  (that  is,  to  produce  the  draft),  while  not 
available  for  the  generation  of  steam,  is  essential  to  the 
operation  of  a  boiler;  while  the  heat  thus  expended  may  be 
called  a  heat  loss,  it  is  nevertheless  an  unavoidable  loss. 

Some  heat  is  lost  by  radiation  from  the  boiler  itself  and 
some  from  the  connections.  This  loss,  while%it  cannot  be 
prevented  entirely,  can  be  minimized  by  covering  the  exposed 
parts  with  some  good  non-conducting  material. 
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MOISTURE    AND    DISTIL.L.ATION    HEAT    LOSSES 

22.  There  are  processes  accompanying:  the  combustion 
of  coal  in  the  boiler  furnace  that  in  themselves  absorb  great 
quantities  of  heat  and,  in  consequence,  have  an  important 
bearing  on  the  question  of  complete  and  economical  combus- 
tion. All  moisture  that  enters  the  furnace  with  the  coal  must 
be  evaporated  at  the  expense  of  the  heat  developed  by  the 
combustion  of  the  coal;  the  vapor  thus  formed  passes  out  of 
the  smokestack  at  a  temperature  seldom  less  than  400^  P. 
Assuming  that  the  moisture  enters  the  furnace  at  a  tempera- 
ture of  70°  F.  and  leaves  at  400°  F.,  1,200  British  thermal 
units,  nearly,  will  be  lost  for  each  pound  of  moisture  in  the 
coal.  Moisture  in  coal  can  only  be  driven  off  by  heating  it 
above  ordinary  temperatures,  but  it  will  be  readily  absorbed 
at  ordinary  temperatures;  hence,  it  is  important  that  coal 
when  stored  is  not  exposed  to  rain — it  should  always  be  stored 
under  cover.  In  some  cases,  it  may  be  advantageous  to  wet 
bituminous  coal;  when  wet,  especially  if  the  coal  is  fine,  it 
cokes  better,  and  hence  there  is  less  waste  from  coal  falling 
into  the  ash-pit.  Wetting  is  recommended  only  for  bitumi- 
nous slack  and  anthracite  culm,  and  should  be  as  moderate 
as  will  secure  the  results  desired.  It  would  be  much  better, 
however,  when  the  draft  is  moderate,  to  use  grates  having 
smaller  openings.  When  the  draft  is  exceptionally  strong 
and  very  fine  coal  is  burned,  wetting  becomes  almost  a  neces- 
sity. If  not  done,  the  strong  draft  will  actually  carry  a  large 
percentage  of  the  fine  coal  up  the  smokestack. 

The  distillation  of  the  volatile  matter  is  a  process  that, 
with  all  bituminous  coals,  and  to  a  lesser  degree  with  anthra- 
cite, absorbs  a  great  deal  of  heat,  as  is  shown  by  the  drop 
in  the  steam  pressure  when  a  large  quantity  of  fresh  coal 
is  thrown  on  the  fire;  this  drop  is  largely  due  to  the  lower- 
ing of  the  furnace  temperature  through  the  heat  absorbed  by 
the  distillation  of  the  volatile  matter.  While  the  absorption 
of  heat  is  necessary  to  drive  off  the  volatile  combustible, 
the  losses  attendant  upon  a  lowering  of  the  furnace  tempera- 
ture can  be  minimized  by  frequent  light  charges  of  coal. 
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HIOH-TEMPERATURE    HBAT    L.08SE8    IN    SMOKESTACKS 

23.  In  many  cases,  there  is  a  larg:e  amount  of  heat  pass- 
ing out  of  the  smokestack  in  excess  of  that  required  to 
produce  the  necessary  intensity  of  draft.  In  practice,  it  has 
been  found  that,  when  the  temperature  of  the  escaping  gases 
has  been  lowered  to  about  500®  F.,  the  draft  will  be  ample. 
If  their  temperature  is  in  excess  of  this,  it  usually  indicates 
a  serious  heat  loss.  The  high  temperature  may  be  due  to 
several  causes,  either  singly  or  combined,  among  which  may 
be  mentioned  insufficient  heating  surface,  inefficient  heating 
surface,  and  poor  water  circulation. 

It  is  rather  hard  to  decide  where  to  place  the  blame  in 
case  the  temperature  of  the  escaping  gases  is  excessive.  In 
general,  the  trouble  is  that  the  efficiency  of  the  heating  sur- 
faces has  become  impaired  by  reason  of  the  collection  of 
soot  and  condensable  tarry  vapors  on  the  fire  side,  and  the 
deposit  of  scale  on  the  water  side.  The  obvious  remedy  is 
to  clean  the  surfaces,  and  to  clean  them  thereafter  at  such 
intervals  as  will  keep  them  in  a  state  of  high  efficiency. 

If  the  heating  surfaces  are  clean  and  the  temperature  of 
the  escaping  gases  is  excessive,  the  trouble,  with  fire-tube 
boilers,  may  be  due  to  poor  circulation.  It  is  difficult  to  state 
just  exactly  what  should  be  done  to  improve  the  natural  cir- 
culation, since  boilers  vary  so  much  in  design.  In  general, 
it  is  cheapest  to  use  some  suitable  apparatus  designed  to 
give  a  forced  circulation.  In  flue  boilers  and  water-tube 
boilers,  the  circulation  is  usually  free  and  strong;  an  exces- 
sive temperature  of  the  escaping  gases  with  these  types  of 
boilers  is  usually  due  to  dirty  or  insufficient  heating  surfaces. 

Insufficiency  of  heating  surface  is  generally  found  in  cases 
where,  due  to  the  exigencies  of  service,  boilers  are  forced 
beyond  the  steam-making  capacity  for  which  they  were 
installed.  This  calls  for  an  increased  combustion  rate  per 
square  foot  of  grate  surface,  in  consequence  whereof  an 
increased  volume  of  gas  passes  through  the  tubes  and  over 
the  heating  surface  at  a  higher  velocity.  Since  the  transfer 
of  heat  from  the  heated  gases  to  the  water  depends  to  a 
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large  extent  on  the  time  during  which  they  are  in  contact 
with  the  heating  surfaces,  a  proportionately  smaller  amount 
of  heat  per  pound  of  gases  is  transferred  to  the  water. 
A  partial  remedy  for  loss  due  to  this  cause  is  to  lengthen 
the  time  the  gases  are  kept  in  contact  with  the  heating  sur- 
faces, as  may  be  done  by  using  spiral  retarders  in  the  tubes 
of  fire-tube  boilers;  or,  if  feasible,  by  fitting  suitable  baffle 
plates  between  the  tubes  of  water-tube  boilers,  in  order 
to  lengthen  the  path  of  the  gases.  Another  partial  remedy 
is  a  feedwater  heater  placed  in  the  path  of  the  waste  gases 
before  they  pass  out  of  the  smokestack. 


RULES    FOR    BOILER    EFFICIBMCY 

24.  The  efficiency  of  a  boiler  is  the  ratio  of  the  differ- 
ence between  the  heat  in  the  steam  delivered  by  the  boiler 
and  the  heat  in  the  feedwater  to.  the  heat  that  would  be 
developed  by  the  perfect  combustion  of  the  fuel,  and  is 
expressed  by  dividing  the  former  quantity  by  the  latter. 
Thus,  if  a  test  shows  a  total  supply  of  heat  of  270,187,000 
British  thermal  units,  and  a  useful  application  of  186,429,030 
British  thermal  units  to  the  evaporation  of  water  into  dry 

steam,  the  efficiency  of  the  boiler  is  ,^„J--J^^^  =  .69. 

270,187,000 

Boiler  efficiency  thus  determined  consists  of  two  factors 

not  readily  separable — the  efficiency  of  the  furnace  as  a  heat 

producer  and  the  efficiency  of  the  boiler  as  a  heat  absorber. 

It  is  possible   to   have   a   furnace   so  well  constructed   and 

manas:ed   that   the   combustion   is   nearly  perfect,   and    still 

have    a    low   efficiency   of    the    boiler    as    a    whole,    owing 

to  inefficient   hcatinj^    surfaces,  large   radiation  losses,  etc. 

In  order  to  secure  a  hij^h  efficiency  of  the  boiler,  as  a  whole, 

it  is  necessary   to   pay  strict  attention  to   each   and  every 

detail  and  to  keep  it  in  the  most  perfect  condition  possible. 

25.  Having  seen  that  complete,  i.  e.,  economical,  com- 
bustion depends  on  a  sufficient  air  supply  intimately  mixed 
with  the  combustibles,  and  a  high  furnace-  and  combustion- 
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chamber  temperature  to  insure  ignition,  the  following  rules 
will  be  self-evident: 

1.  Fire  light  and  often. 

2.  Keep  the  fire  as  thin  as  circumstances  will  permit. 

3.  Keep  the  fire  clean. 

4.  Keep  the  space  between  the  grate  bars  clear. 
6.  Keep  the  ash-pit  clear. 

6.  When  using  bituminous  coal,   use   the  coking  firing 
system,  if  possible. 

7.  Regulate  the  draft  so  that  it  will  be  strongest  when  a 
fresh  charge  of  coal  is  put  into  the  furnace. 

8.  Do  not  let  the  fire  burn  out  in  spots. 

9.  Do  not  let  the  fire  bum  too  low  before  charging. 

10.  If  possible,  fire  at  regular  intervals  and  in  regular 
charges. 


MARINE-BOILER  FEEDING 

(PART  1) 


PEED-APPARATUS 


ARRANGEMENT 


INTRODUCTION 

1;  The  feed-apparatus  of  marine  boilers  comprises 
suitable  machinery  for  forcing;  the  water  into  the  boiler, 
piping  for  conveying  it  to  the  boiler  and  delivering  it  therein 
at  the  desired  place,  and  suitable  valves  for  regulating  the 
flow  of  the  feedwater.  Auxiliary  devices  often  used  in  con- 
nection with  the  feed-apparatus  are  feedwater  heaters,  feed- 
water  purifiers,  and  circulation-improving  devices  intended 
to  better  the  transfer  of  heat  from  the  burning  fuel  to  the 
water  in  the  boiler;  and  in  cases  where  the  steam  used  in 
the  engine  is  condensed  and  returned  to  the  boilers  without 
being  mingled  with  the  water  used  for  condensing  it,  there 
must  be  some  means  of  making  up  for  the  loss  of  feedwater 
caused  by  leakage. 

The  machinery  used  for  forcing  the  water  into  the  boiler 
consists  either  of  pumps  or  of  injectors^  the  former  being 
either  driven  directly  by  the  propelling  machinery  or  inde- 
pendent steam  pumps.  Usually,  two  independent  sets  of 
feed-apparatus  are  fitted  to  marine  boilers,  both  of  which 
may  have  pumps  or  injectors,  or  one  set  may  comprise 
pumps  and  one  set  injectors. 

In  practice,  the  feedwater  for  marine  boilers  is  obtained 
either  by  using  the   surrounding  water,  which   method   is 
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today  used  ordinarily  only  by  vessels  navigating  fresh 
water,  or  by  condensing  the  steam  used  in  the  engine  and, 
without  mingling  it  with  the  water  used  for  condensing, 
returning  it  to  the  boiler,  which  method  is  used  by  prac- 
tically all  ocean-going  vessels. 

2.  There  are  two  methods  of  condensing  the  steam  used 
by  the  engine.  In  the  first  method,  the  steam  is  condensed 
by  being  brought  in  direct  contact  with  a  spray  of  cold  water 
in  a  vessel  called  a  Jet  condenser.  The  condensing  water 
usually  flows  to  the  condenser  by  gravity  and  atmospheric 
pressure.  The  mingled  condensing  water  and  condensed 
steam  are  drawn  from  the  condenser,  together  with  any  air 
present,  by  the  air  pump;  as  much  of  this  water  as  is 
required  for  the  boilers  is  supplied  to  the  feed-pumps,  the 
remainder  being  discharged  overboard  by  the  air  pump.  It 
is  obvious  that  by  this  method  the  impurities  contained  in  the 
condensing  water  are  carried  into  the  boiler.  In  the  second 
method,  the  steam  is  condensed  by  being  brought  into  contact 
with  metallic  surfaces  kept  cold  by  water  pumped  over  them, 
which  are  contained  within  a  vessel  called  a  surface  con- 
denser. The  condensed  steam,  vapor,  and  any  air  present 
is  removed  from  the  condenser  by  the  air  pump  and  delivered 
into  a  vessel  called  a  hot  well,  from  which  the  condensed 
steam  is  taken  by  the  feed-pump  and  returned  to  the  boilers. 
The  condensing  water  is  pumped  through  the  condenser  by 
the  eirculatinj?  pump.  In  a  surface  condenser,  the  con- 
densed steam  and  the  condensing  water  do  not  mingle,  and 
hence  the  water  taken  from  the  hotwell,  unless  contami- 
nated by  leakage  or  the  deliberate  admixture  of  sea-water, 
is  pure  distilled  water,  generally  free  from  harmful  ingredi- 
ents, except  oil  or  grease.  The  grease  or  oil  in  the  feed- 
water  is  usually  extracted  by  filtering,  although  in  some 
cases  attempts  are  made  to  remove  it  from  the  exhaust 
steam  before  condensation. 

3.  It  is  of  the  utmost  importance  that  the  feed-apparatus 
of  a  marine  boiler  shall  be  as  perfect  as  possible,  not  only 
in  regard  to  its  capacity  to  supply  the  boiler  with  ail   the 
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water  it  may  require,  even  in  case  of  a  heavy  leak,  but  also 
that  the  possibility  of  its  becoming  inoperative  shall  be 
reduced  to  a  minimum.  The  pipes  should  be  nm  as  straight 
as  convenience  will  permit,  avoiding  all  unnecessary  bends 
and  turns,  and  they  should  be  so  located  that  they  may  be 
readily  traced  from  end  to  end.  Although  it  is  sometimes 
necessary  to  place  some  of  the  pipes  under  the  engine-room 
and  fireroom  floors,  it  is  better  to  avoid  this  whenever  pos- 
sible; but  when  it  must  be  done,  the  floor  plates  over  them 
should  be  laid  so  that  they  can  easily  be  taken  up  and  thus 
access  be  gained  to  the  pipes  underneath,  particularly  at 
those  points  where  valves  are  located. 


INSTALLATION 

4.  In  sea-going  steam  vessels,  every  pump  in  the  ship  is 
usually  provided  with  the  pipe  connections  necessary  to 
allow  it  to  be  used  for  feeding  the  boilers.  Fig.  1  illustrates 
one  way  in  which  the  feedpipes  may  be  connected;  for  the 
sake  of  clearness,  only  the  pipes  relating  to  the  feed-appara- 
tus are  shown.  The  boiler  is  shown  at  C,  the  engine  at  D, 
the  condenser  at  E'y  the  air  pump  at  /%  and  the  circulating 
pump  at  G,  The  plunger  feed-pumps  A,  A'  are  worked  by 
the  engine,  taking  their  water  supply  through  the  suction 
pipes  o,(/  from  the  hotwell  B^  and  discharging  the  water 
through  the  main  feedpipe  h  into  the  feed  check- valve  C, 
whence  it  passes  through  the  stop-valve  D'  into  the  boiler. 
The  feed  check-valve  is  a  device  that  permits  the  feedwater 
to  flow  into  the  boiler,  but  automatically  prevents  water  in 
the  boiler  flowing  into  the  feedpipe. 

The  piping  just  described  constitutes  the  main  feed.  On 
all  marine  boilers,  a  bronze  or  brass-seated  stop-valve  must 
be  attached  between  the  boiler  and  each  feed  check-valve  to 
facilitate  access  to  the  check-valves  while  the  boiler  is  under 
steam,  and  also  as  an  additional  safeguard  to  keep  the  water 
in  the  boiler.  Check-valves  will  sometimes  fail  to  seat 
properly,  allowing  the  water  in  the  boiler  to  leak  past  them, 
while  the  pump  is  stopped,  the  water  passing  through  the 
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the  main  feedpipe  into  one  of  the  other  boilers  in  which  the 
pressure  may  be  somewhat  less,  thus  allowing  the  water  to 
become  dangerously  low  in*  the  first  boiler.  By  closing  the 
stop-valve  in  the  feedpipe  this  is  prevented.  The  duplex 
steam  pump  E  and  the  single-acting  pump  H  are  connected 
to  the  hotwell  B  by  the  suction  pipes  d  and  c.  The  pump  E 
is  provided  with  branch  suction  pipes  d  and  e  leading, 
respectively,  to  the  sea  and  to  the  fresh-water  ballast  tank. 
Similar  suction  pipes  d^  and  e^  are  fitted  to  the  pump  Hy  and 
other  branch  suction  pipes  leading  to  other  available  sources 
of  water  supply  may  be  fitted  to  each  pump,  as  required. 
The  pump  E  delivers  through  the  pipe  /,  and  the  pump  H 
through  the  pipe  /',  into  the  donkey  feedpipe,  or  auxiliary 
feedpipe  gy  whence  the  water  passes  through  the  donkey 
check-valve  E'  and  the  stop-valve  G  into  the  boiler.  The 
two  feed-arrangements  just  described  constitute  the  donkey 
feed,  also  called  the  auxiliary  feed. 

It  has  been  shown  that  in  the  arrangement  described  there 
are  three  ways  of  feeding  the  boiler,  each  independent  of 
the  others.  The  main  feed-arrangement  may  be  used,  or, 
if  desired,  either  of  the  other  two  arrangements.  Hence,  the 
possibility  of  being  unable  to  supply  the  boiler  with  feed- 
water  is  very  remote. 

5.  The  point  at  which  the  feeder  enters  the  boiler  varies 
with  different  builders.  In  shell  boilers,  some  take  the  feed 
through  the  front  head  of  the  boiler,  some  through  the  rear 
head,  and  some  through  the  shell.  The  common  practice  is 
to  lead  the  feedwater  to  the  coolest  part  of  the  boiler.  This 
is  done  by  a  pipe  secured  to  the  inside  of  the  boiler  shell. 
When  a  large  body  of  comparatively  cool  water  is  discharged 
on  to  a  hot  plate,  severe  local  strains  are  set  up  in  the  plate, 
due  to  the  contracting  of  the  part  cooled  by  the  entering 
feedwater.  These  strains  soon  destroy  the  plate;  to  obviate 
this,  the  end  of  the  internal  feedpipe  is  often  closed  and 
the  entering  feedwater  distributed  over  a  large  area  by 
numerous  holes  drilled  into  the  pipe  in  such  a  position 
that   the    water   will    issue   in  a  direction   away   from    the 
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plates  composing  the  boiler.  In  Scotch  boilers,  in  the  best 
modem  practice,  the  feedwater  is  discharged  by  a  pipe 
lying  on  a  level  with  the  top  row  of  tubes,  the  pipe  being 
perforated  and  discharging  downwards  between  two  nests 
of  tubes.  

CONSTKIICTION 


PUMPS 

6.  Kinds  of  Pumps  Used. — The  pumps  employed 
regularly  for  pumping  feedwater  into  the  boilers  are  usually 
of  the  plunger  pattern,  and  may  be  either  single-acting  or 
double-acting.  They  are  either  driven  directly  by  the  main 
engine,  in  which  case  it  is  the  usual  practice  to  employ  sin- 
gle-acting pumps,  OP  they  are  independent,  in  which  case 
they  are  frequently  duplex  and  double-acting — by  duplex 
being  meant  that  there  are  two  separate  pump  mechanisms 
combined  to  form  one  pump.  Independent  single  or  duplex 
direct-acting  steam  feed-pumps  are  made  either  vertical  or 
horizontal,  the  choice  of  pattern  usually  depending  on  the 
room  available.  In  .steamboats  navigating  the  western  rivers 
of  the  United  States  of  America,  a  special  form  of  independ- 
ent steam  pump  is  largely  used,  in  which  the  pumps  are 
operated  by  a  beam  rocked  back  and  forth  by  a  steam  engine. 

7.  Sliijjfle-Actlng  Plunprer  Feed-Pump. — One  form 
of  construction  of  the  type  of  plunger  feed-pump  generally 
used  in  connection  with  vertical  marine  engines  and  driven 
from  one  of  the  crossheads  through  a  rocking  beam  giving 
the  plunger  a  to-and-fro  motion,  is  shown  in  Fig.  2,  in  which 
A  is  the  plunger,  made  of  Muntz  metal.  It  is  cared  out  to 
lighten  it,  and  it  passes  through  a  stuffingbox  and  gland  lined 
with  white  metal.  The  pump  chamber  /?  is  bolted  to  the 
side  of  the  air  pump.  A  valve  chamber  C  containing  the 
suction  valve  D  and  delivery  valve  Ii  is  bolted  to  the  pump 
chamber.  These  valves  work  in  gun-metal  bushings  fitted 
to  the  valve  chamber.  Above  each  valve  is  a  yoke  dyC  that 
prevents  the  valve  from  rising  too  high.    A  small  petcock  A' 
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is  fitted  between  the  suction  and  delivery  valves;  this  may 
be  used  to  test  the  working  of  the  pump  and  also  to  admit 
air  to  the  air  chamber.  The  air  in  the  air  chamber  will 
sooner  or  later  be  absorbed  by  the  water,  in  which  case  the 


Fic  .2 

valves  will  seat  with  a  considerable  shock.  Opening  the  pet- 
cock  will  admit  air  on  the  up  stroke  of  the  plunger.  On  the 
down  stroke,  water  will  issue  if  the  pump  is  working  prop- 
erly. In  some  cases,  no  petcock  is  fitted.  When  the  valves 
seat  heavily,  or  slam,  as  it  is  called,  loosening  the  gland  of 
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the  plunger  will  admit  some  air  and  cure  the  slamming. 
Bolted  to  the  bottom  of  the  valve  chamber  is  the  suction 
pipe  Fy  which  connects  with  the  hotwell,  and  is  provided 
with  a  stop-valve,  not  shown  in  the  figure.  For  the  purpose 
of  examination,  the  valve  chamber  is  provided  with  a  remov- 
able cover,  not  shown  in  the  figure.  An  air  chamber  H  is 
fitted  to  the  top  of  the  valve  chamber,  and  attached  to  this 
air  chamber  is  the  feedpipe  G  leading  to  the  boiler. 

8.  The  plunger  pump  Ay  Fig.  2,  is  working  as  long  as 
the  engine  is  running,  and,  consequently,  is  feeding  the  boiler 
or  boilers  continually.  When  two  or  more  boilers  are  sup- 
plied from  the  same  main  feedpipe,  the  amount  of  feedwater 
entering  each  boiler  is  regulated  by  adjusting  the  lift  of  the 
feed  check-valves.  If  one  boiler  gets  less  than  its  proper 
amount  of  feed,  as  may  be  found  by  watching  the  water 
gauge,  the  amount  may  be  increased  by  giving  a  higher  lift 
to  the  check-valve,  thus  increasing  the  area  of  the  passage 
to  the  boiler.  Conversely,  reducing  the  lift  of  the  valve 
reduces  the  feed.  When  an  independent  pump  is  used  for 
feeding  one  boiler,  the  feed  may  be  regulated  by  varying  the 

*speed  of  the  pump;  but,  with  attached  pumps  having  a  con- 
stant speed,  the  check-valve  must  be  used  for  that  purpose. 

9.  Doctor. — The  feed-pumps  and  heaters  of  a  western- 
river  steamer  are  shown  in  Fig.  3.  This  combination  is 
known  as  a  doctor,  is  in  common  use,  and  is  located  on 
deck  and  hence  above  the  water  level.  The  doctor  consists 
essentially  of  a  beam  engine,  with  crank  and  flywheel,  opera- 
ting four  pumps,  two  on  each  side.  The  lifting  pumps  A,  A' 
are  single-acting;  they  draw  the  water  from  the  river  and 
discharge  it  into  the  open  heaters  B,  B' ,  Here  the  water  is 
heated  by  being  brought  in  direct  contact  with  the  exhaust 
steam,  the  exhaust  from  each  engine  passing  through  its  own 
heater.  The  force  pumps  on  the  other  side  take  the  water 
from  the  heaters  and  force  it  into  the' boilers;  one  of  these 
pumps  is  shown  at  C .  The  base  plate  D  on  which  the  doc- 
tor is  erected  contains  the  various  passageways  forming  the 
water  connections  between  the  pumps,  the  passages  being 
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cored  in  the  casting.  The  suction  pipe  to  the  river  connects 
directly  with  the  vacuum  chamber  E,  so  called  since  a  partial 
vacuum  is  necessarily  maintained  therein.  The  object  of 
this  vacuum  chamber  is  to  prevent  shocks  and  to  steady  the 
flow  of  water  in  the  suction  pipe.  The  lifting  pumps  being 
single-acting,  the  column  of  water  ascending  the  suction  pipe 
would,  if  such  chamber  were  not  provided,  be  suddenly 
brought  to  rest  by  the  closing  of  the  suction  valve  of  the 
pump.  The  kinetic  energy  of  the  moving  body  of  water 
would  be  given  up  suddenly,  and  be  expended  in  a  violent 
blow  or  shock;  but  with  a  vacuum  chamber  the  column  of 
water,  with  the  exception  of  that  comparatively  small  por- 
tion of  it  between  the  piston  and  the  chamber,  is  not  sud- 
denly checked,  but  continues  to  move  during  the  down  stroke 
of  the  pump  plunger,  compressing  the  rarefied  air  in  the 
vacuum  chamber.  Shocks  are  thus  obviated  and  the  inflow 
of  water  steadied.  A  cored  passage  in  the  base  connects 
the  vacuum  chamber  with  the  suction  end  of  the  two  lifting 
pumps.  The  water  is  delivered  through  the  delivery  casings 
tf ,  a',  which  contain  the  delivery  valves,  into  passages  in 
the  base  plate  that  connect  with  the  hollow  columns  F  and 
/^',  the  column  /^communicating  with  a  and  the  column  F^ 
with  a'.  The  water  does  not  pass  straight  up  the  columns, 
however,  but  is  led  through  the  valves  6^,  6"',  and  then  back 
into  the  columns,  and  thence  to  the  heaters.  When  the 
doctor  is  stopped  for  the  purpose  of  opening  and  examining 
the  valves  of  the  lifting  pumps,  valves  G^  G'  are  closed  and 
serve  to  retain  the  water  in  the  heaters.  The  heaters  con- 
sist of  wrought-iron  shells  with  cast-iron  heads;  the  exhaust 
from  each  engine  enters  its  own  heater  through  one  head 
and  leaves  it  through  the  other  head.  The  exhaust  comes 
in  contact  with  a  coil  H  of  copper  pipe  near  the  bottom  of 
each  heater;  the  lifting  pumps  force  the  water  through  this 
coil  and  discharge  it  at  the  bottom  of  the  heater  below  the 
diaphragm  A.  While  this  diaphragm  does  not  in  any  way 
prevent  .the  exhaust  steam  from  coming  in  contact  with  the 
water,  it  acts  as  a  baffle  plate,  preventing  violent  agitation 
of  the  surface  of  the  water  in  the  heater,  and  at  the  same 
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time  provides  a  quiet  spot  for  the  collection  of  floating 
impurities.  An  overflow  pipe  is  attached  to  the  heater  at  or 
about  the  level  of  this  diaphragm,  which  not  only  prevents 
the  flooding  of  the  heater,  but  also  serves  to  carry  off  the 
oil  and  other  light  impurities  floating  on  the  surface  of  the 
water.  The  heated  water  flows  by  gravity  down  hollow 
columns  opposite  /♦'and  F'  to  the  suction  side  of  the  force 
pumps,  which  are  single-acting  plunger  pumps.  It  now 
passes  through  the  delivery  chambers,  one  of  which  is  shown 
at  r,  into  two  pipes  that  unite  to  form  the  main  feedpipe. 
The  exhaust  pipes  from  each  heater  are  usually  united  to 
form  one  main  exhaust  pipe,  extending  from  near  the  heaters 
to  near  the  back  end  of  the  boilers.  Here  this  pipe  forms 
two  branches,  each  branch  leading  to  one  of  the  smokestacks. 
Provision  is  usually  made  for  turning  the  exhaust  either 
into  the  smokestack  for  the  purpose  of  increasing  the  draft 
or  directly  into  the  atmosphere  by  dividing  the  pipe  into 
two  branches  and  placing  a  rotary  valve  at  the  junction. 
The  main  feedpipe  passes  through  a  stufiingbox  into  the 
after  end  of  the  Y  fitting  at  the  after  junction  of  the  two 
exhaust  pipes;  it  then  passes  through  the  whole  length  of 
the  main  exhaust  pipe  and  emerges  through  a  stuffingbox  at 
the  forward  end,  where  the  exhaust  is  again  divided.  The 
main  feedpipe  then  leads  downwards  and  branches  off  to 
Teach  boiler.  By  passing  the  feedwater  through  the  heaters 
and  exhaust  pipe,  it  is  heated  to  a  high  temperature. 

The  pumps  are  all  attached  to  the  walking  beam  N^  con- 
nected to  a  steam  cylinder  O  at  one  end  and  to  a  crank  and 
flywheel  P  at  the  other  end.  The  slide  valve  of  the  engine 
is  operated  by  a  small  crank,  or  occasionally  an  eccentric,  on 
the  end  of  a  flywheel  shaft.  To  allow  the  cylinder  to  be  readily 
warmed  up  when  starting,  and  also  to  facilitate  the  starting 
of  the  doctor,  the  eccentric  rod  Q  is  hooked  over  a  pin  of 
the  bell-crank  K,  When  the  rod  is  unhooked  from  this  pin, 
the  slide  valve  can  be  operated  by  hand. 

10.  While  the  doctor  may  appear  complex  at  first  sight, 
it  is  really  a  very  simple  machine,  in  which  the  working  parts 
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are  simple  in  coastructioa  and  very  accessible.  In  western- 
river  service,  where  the  water  is  freqaeatlj  very  muddy  and 
must  always  be  pumped  against  very  high  pressures,  the 
doctor  has  proved  economical  and  efficient,  and  has  held  its 
own  against  direct-acting  steam  pumps  and  injectors.  The 
general  demand  for  lightness  and  simplicity  in  machinery  is 
well  met  by  the  manner  in  which  the  frame  is  made  use  of 
in  providing  the  water  passages,  and  in  the  design  illustrated 
by  making  the  steam  pipe  and  exhaust  pipe  of  the  steam 
cylinder  serve  as  crosshead  guides. 
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11.  The  check-valve  fitted  to  the  main  feedpipe  is  called 
the  main  cbeck-valve,  and  the  one  fitted  to  the  auxiliary 
feedpipe  is  called  the' auxiliary,  or  donkey,  check-valve. 
The  donkey  check-valve  does  not  differ  in  any  respect  from 
the  main  check-valve;  it  is 
merely  so  named  from  its 
location. 

A  common  construction 
of  a  feed  check-valve  is 
shown  in  Fig,  4.  It  con- 
sists of  a  body  or  casing  A 
bored  out  at  the  lower  end 
to  receive  the  gun-metal 
bushing  B  forming  the 
seat,  and  a  guide  for  the 
valve  y,  which  is  provided 
with  four  wings,  as  shown. 
The  feedpipe  is  bolted  to 
the  flange  shown  at  C 
while  the  passage  D  con- 
nects with  the  boiler. 
When  water  flows  through  the  feedpipe  into  the  passage  C, 
it  raises  ihe  valve  and  flows  through  the  annular  opening 
between  the  valve  and  seat  into  passage  D,  and  thence 
through  a  stop-valve   {not  shown   in  the   figure)    into    the 
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boiler.  The  valve  V  allows  the  water  to  pass  only  in  one 
direction;  should  the  direction  of  the  flow  of  the  water  be 
reversed,  the  valve  will  return  to  its  seat  and  shut  off  com- 
munication with  the  passag^e  C  By  means  of  the  screw  5, 
the  height  of  the  lift  of  the  valve  can  be  regulated,  thus 
increasing  or  diminishing  the  quantity  of  water  passing 
through  the  valve.  The  screw  5  is  commonly  made  of 
Muntz  metal,  to  prevent  corrosion. 

12,  Should  either  the  check-valve  C  or  stop-valve  ZT', 
Fig.  1,  be  closed  for  some  reason  while  the  pump  A  is 
working,  either  the  pump  or  the  feedpipe  will  burst.  To 
prevent  this,  a  relief  valve  that  will  open  and  allow  the  water 
to  escape  in  case  the  pressure  on  the  pipe  exceeds  the  pres- 
sure on  the  boiler  by,  say,  15  pounds  per  square  inch  is  fitted 
either  to  the  pump  chamber  or  to  the  air  chamber.  The 
usual  construction  of  a  relief  valve  is  shown  at  /,  Fig.  2. 
The  area  of  this  valve  is  equal  to  that  of  the  feedpipe. 
Relief  valves  are  sometimes  called  safety  feed-valves. 
The  valve  is  kept  to  its  seat  by  the  spring  shown,  which 
abuts  against  a  yoke  fitted  over  tiyo  studs  provided  with 
nuts,  by  means  of  which  the  tension  of  the  spring  can  be 
adjusted  to  the  desired  pressure. 


INJECTORS 

13.  Action. — The  Injector  is  an  apparatus  for  forcing 
the  feedwater  into  a  steam  boiler.  It  was  invented  in  1858 
by  an  eminent  French  scientist,  Henri  Giffard,  and  was 
introduced  into  the  United  States  in  1860  by  William  Sellers 
&  Co.,  of  Philadelphia. 

On  investigating  the  action  of  the  injector,  it  will  be  found 
that  dry  steam  at  a  given  pressure  enters  the  apparatus, 
passes  through  several  contracted  passages,  raises  several 
check-valves,  and  then  forces  water  into  the  boiler  against  a 
pressure  equal  to  that  which  the  steam  had  when  it  first 
began  the  operation.  The  steam,  in  forcing  the  water 
throutjh  the  injector  and  into  the  boiler,  gives  up  its  heat 
and  performs  actual  mechanical  work  as  truly  as  though  the 
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Steam  acted  on  a  piston  and  moved  a  pump  plunger  with  it. 
Before  the  action  of  an  actual  injector  can  be  studied  prop- 
erly, it  is  necessary  to  have  a  clear  understanding  of  the 
fundamental  principle  on  which  its  action  is  based.  This 
may  be  stated  thus:  A  current  of  any  kind,  be  it  steam,  air, 
water,  or  other  matter,  by  reason  of  friction  has  a  tendency 
to  induce  a  movement  in  the  same  direction  of  any  body 
with  which  it  may  come  in  contact.  The  steam  entering  an 
injector  and  moving  with  an  extremely  high  velocity  first 
carries  the  air  inside  the  injector  with  it  and  thus  creates  a 
partial  vacuum,  causing  the  water  to  flow  into  it.  The  steam 
then  imparts  a  portion  of  its  velocity  to  the  water  and  gives 
it  suflficient  momentum  to  throw  open  the  check-valves  and 
enter  the  boiler.  By  striking  the  cold  mass  of  water,  the 
heat  and  velocity  of  the  steam  will  be  greatly  reduced,  and 
it  will  be  condensed  at  the  same  time. 


14.  The  essential  parts  of  an  injector  are  shown  in 
Fig.  5,  which  does  not  represent  a  practical  injector,  but 
serves  to  illustrate  the  combination  of  the  essential  parts  by 
means  of  which  the  injector  performs  its  function.  Steam 
is  admitted  from  the  boiler  through  the  steam  pipe  a;  the 
chamber  /<  connects  to  the  water  supply  through  the  nozzle  c. 
The  tube  li  is  called  the  irombiniiig  tube;  the  space  e  is  the 
overflo7v  space:  the  overflow  is  carried  away  by  a  pipe  attached 
to  the  overflow  nozzle  g.  The  water  passes  through  the 
chetk-valve  i  into  the  dischar<ie  piiie  //  and  thence  into  the 
boiler.  The  dieck-valve  may  ii<n  be  p;irt  "f  the  injector 
itself,  but  it  is  an  essential  part  of  the  installation, 
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The  action  of  the  instrument  is  as  follows:  Steam  is 
admitted  through  a  and  flows  through  the  nozzle  with  a  high 
velocity,  passes  through  the  combining  tube  d  and  out 
through  the  overflow  e  and  nozzle  g.  This  current  of  steam 
carries  the  air  in  the  chamber  b  with  it,- thus  forming  a  par- 
tial vacuum;  the  pressure  of  the  atmosphere  then  forces 
water  from  the  supply  into  the  chamber  and  into  the  com- 
bining tube  d.  In  d  the  steam  and  water  are  combined,  with 
the  result  that  the  steam  imparts  a  great  deal  of  its  velocity 
to  the  water  and  at  the  same  time  is  condensed.  This  forms 
a  jet  of  water  that  flows  from  the  combining  tube  d  with  such 
a  high  velocity  that  it  passes  over  the  overflow  e  and  into  the 
discharge  pipe  ^,  the  energy  in  the  water  being  great  enough 
to  overcome  the  pressure  in  the  boiler.  The  water  thus 
flows  past  the  check-valve  /  into  the  boiler.  When  the 
injector  is  working  properly,  all  the  steam  that  is  used  to 
give  the  water  its  high  velocity  is  condensed,  thus  leaving  a 
steady,  unbroken  jet  of  water  that  flows  across  the  space 
between  the  combining  tube  and  the  discharge  pipe.  If  the 
water  is  too  hot  to  condense  the  steam,  or  if  there  is  so 
much  steam  that  it  is  not  all  condensed  in  the  combining 
tube,  the  steam,  owing  to  its  lightness,  will  not  be  carried 
into  the  boiler,  but  will  flow  out  into  the  overflow  space  e 
and  be  discharged  from  the  overflow  nozzle  g.  This  esca- 
ping steam  breaks  the  jet  of  water  and  interferes  with  the 
action  of  the  instrument  so  much  as  to  stop  the  flow  into 
the  boiler,  and  serves  to  show  the  engineer  when  there  is  too 
much  steam  admitted  for  the  water  that  is  used.  When  the 
supply  of  steam  is  too  small,  the  velocity  of  the  jet  of  water 
flowing  from  the  nozzle  is  so  small  that  its  momentum  is  not 
sufficient  to  carry  it  into  the  discharge  pipe  against  the  pres- 
sure in  the  boiler,  and  the  water  is  therefore  discharged 
through  e  and  out  of  the  overflow  nozzle  g.  This  shows  the 
engineer  that  the  supply  of  steam  is  too  small. 

15.  The  temperature  at  which  water  will  be  delivered  by 
an  injector  to  the  boiler  depends  on  the  steam  pressure  and  on 
the  quantity  of  water  being  delivered  per  pound  of  steam, 
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the  feedwater  temperature  remaining:  constant.  Thus,  if  an 
injector  is  worked  at  its  maximum  capacity  with  a  steam 
pressure  of  30  pounds,  the  temperature  of  the  water  deliv- 
ered to  the  boiler  will  be  about  114°  F.;  if  the  pressure  is 
200  pounds,  the  temperature  of  the  injected  water  will  be 
about  154°  F.  The  temperature  of  the  water  delivered  will 
increase  as  the  delivery  of  the  injector  is  cut  down  from  its 
maximum  to  its  minimum.  Thus,  under  140  pounds  steam 
pressure,  and  working:  at  its  maximum  capacity,  an  injector 
may  deliver  water  at  about  135°  F.;  while  if  the  injector  is  cut 
down  to  its  minimum  delivery,  the  water  will  be  delivered  at 
about  260°  F.  Under  ordinary  working  conditions,  the  water  is 
probably  delivered  at  a  temperature  between  160°  and  200°  F. 
The  highest  temperature  at  which. an  injector  will  lift  the  feed- 
water  decreases  as  the  steam  pressure  under  which  the  injector 
is  working  is  increased.  At  low  steam  pressures,  the  injec- 
tor may  raise  water  at  125°  or  130°  F.;  while  at  140  pounds  and 
upwards,  it  is  not  safe  to  have  the  water  much  above  110°  F. 

16.  The  number  of  pounds  of  water  delivered  per  pound 
of  steam  decreases  as  the  steam  pressure  is  increased.  At 
30  pounds  steam  pressure,  an  injector  may  deliver  from 
20  to  25  pounds  of  water  per  pound  of  steam;  while  at 
140  pounds  pressure,  it  will  deliver  only  about  13  pounds, 
and  at  180,  only  about  11  pounds. 

17.  The  term  ran^ire,  when  applied  to  an  injector,  refers 
to  the  steam  pressure  at  which  it  will  start  and  the  steam 
pressure  at  which  it  ceases  to  work.  The  range  of  an  injector 
decreases  with  any  increase  in  the  distance  that  the  water 
must  be  lifted,  and  also  decreases  with  any  increase  in  the 
temperature  of  the  water  supply.  This  is  clearly  shown  in 
the  following  table  published  by  the  American  Injector 
Company  and  referring  to  an  injector  manufactured  by  it. 

The  steam  pressure  at  which  injectors  of  different  makes 
will  start  varies  somewhat,  but  the  range  between  the  start- 
ing and  stopping  pressures  with  different  injectors  is  practi- 
cally the  same.  Most  injectors  will  start  on  25  poinds  steam 
pressure,  but  some  are  made  to  start  on  15  pounds. 
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18,  Construction. — Injectors  may  be  divided  into  two 
gfeneral  classes — non-lifting  and  lifting  injectors.  They  dif- 
fer from  each  other,  as  implied  by  the  name,  in  that  the  one 
class  is  capable  of  lifting  the  water  from  a  level  lower  than 
its  own,  while  the  other  class  cannot. 

Non-1  If tingr  injectors  are  intended  for  use  where  there 
is  a  head  of  water  available;   consequently,  they  must  be 

TABIiE  I 
RANGE    OF    INJECTORS 


Feed  water  at  6o° 

Peed  water  at  75** 

Feedwater  at  100® 

Vertical 
Lift 

Starting 
Pressure 

Pounds 

Stopping 
Pressure 

Pounds 

Starting 
Pressure 

Pounds 

Stopping 
Pressure 

Pounds 

Starting 
Pressure 

Pounds 

Stopping 
Pressure 

Pounds 

Feet 

per 

Square 

Inch 

per 

Square 

Inch 

155 

per 

Square 

Inch 

15 

per 

Square 

Inch 

per 

Square 

Inch 

per 

Square 

Inch 

2 

15 

145 

20 

120 

4 

i8 

150 

18 

140 

6 

20 

142 

8 

25 

135 

25 

125 

10 

30 

125 

30 

115 

35 

90 

12 

35 

118 

1 

M 

40 

no 

15 

50 

85 

45 

70 

i6 

45 

102 

i8 

50 

90 

20 

55 

85 

55 

75 

22 

55 

75 

placed  below  the  water  level.  Non-lifting  injectors  resemble 
the  lifting  injector  so  much  in  their  action  that  no  description 
of  them  will  be  given. 

liiftingr  injectors  are  of  two  types — automatic  and 
positive  injectors.  Since  positive  injectors  generally  have 
two  sets  of  tubes,  they  are  frequently  called  double-tulfe 
injectors. 
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Aiitoniutic  Iiijoctui-B  are  so  called  from  the  fact  that  they 
will  automatically  start  again  in  case  the  jet  of  water  is  broken 
by  jarring  or  other  means.  They  are  simpler  in  construction 
than  double-tube  injectors,  and  they  answer  very  well  for  a 
moderate  temperature  of  feed-water  supply  and  not  too  great 
a  range  in  steam  variation. 

Positive,  or  Uouble-tube,  Injectors  are  provided  with 
two  sets  of  tubes,  one  set  of  which  is  used  for  lifting  the 
water,  while  the  other  set  forces  the  water  delivered  to  it  by 


the  first  set  into  the  boiler.  A  positive  injector  has  a  wider 
range  than  an  automatic  injector  and  will  handle  a  hotter 
feed-water  supply.  It  will  also  lift  water  to  a  greater  ver- 
tical height  than  the  automatic  injector. 

10.  The  construction  of  the  Pcnhfrthy  initoinatl*- 
Injector  is  shown  in  Fig.  fi.  Steam  from  the  boiler  enters 
the  nipple  I  "and  passes  into  the  nozzle  A'  and  then  into  the 
conical  combining  tube  5.  In  rushing  past  the  annular  open- 
ing between  A'  and  S.  it  creates  a  partial  vacuum  and  causes 
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water  to  flow  through  P,  filling:  the  space  surrounding  the 
lower  end  of  R  and  the  upper  end  of  5.  The  nipple  /*,  which 
is  shown  at  the  right-hand  side,  is  really  situated  in  the  rear. 
At  first,  the  mingled  steam  and  water,  by  reason  of  the  water 
not  having  acquired  sufficient  momentum,  do  not  flow  to  the 
boiler;  but  after  the  tube  F,  the  space  surrounding  it,  and 
the  feed-delivery  pipe  attached  to  the  nipple  Z  are  filled,  the 
mingled  steam  and  water  force  the  swing  check-valve  Q  and 
pass  through  the  overflow  T,  As  soon  as  the  jet  of  water 
passing  through  the  combining  tube  has  acquired  sufficient 
momentum,  the  boiler  check- valve  is  forced  open  and  the 
water  commences  to  enter  the  boiler.  In  consequence,  no 
more  water  will  enter  the  space  around  the  lower  end  of  5" 
and  the  upper  end  of  K,  and  there  being  no  pressure  in  this 
space,  the  overflow  valve  Q  will  close.  The  overflow  valve 
is  kept  closed  by  the  atmospheric  pressure  on  top  of  it,  for, 
while  the  injector  is  working  steadily,  there  will  be  a  partial 
vacuum  in  the  space  around  5"  and  K 

To  start  the  injector,  all  that  is  required  is  to  turn  on  the 
steam  and  water.  If  the  steam  supply  is  too  great,  steam 
will  issue  from  the  overflow;  if  the  water  supply  is  too  great, 
water  will  issue.  Should  the  jet  of  water  be  broken,  i.  e., 
fail  to  enter  the  boiler,  the  overflow  valve  will  lift  and  the 
mingled  water  and  steam  will  come  out  of  the  overflow  until 
the  jet  has  acquired  sufficient  momentum  to  enter  the  boiler 
again,  when  the  overflow  valve  will  close  for  the  reasons 
given. 

The  automatically  closing  overflow  valve  is  the  distin- 
guishing feature  of  the  automatic  injector,  and  in  some  form 
or  other  is  found  in  all  instruments  of  this  class. 

20.     Fig.  7  is  a  sectional  view  of  the  Buffalo  automatic 

Injector,  which  differs  considerably  in  its  construction  from 
the  Penberthy,  but  which  operates  in  practically  the  same 
manner.  This  injector  needs  no  valves  on  the  steam  and 
water  pipes,  the  steam-admission  valve  being  controlled  by 
a  handle  a  placed  on  the  valve  stem  b.  With  the  valve  and 
stem  in  the  position  shown,  the  injector  is  working.     Steam 
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passes  through  c  into  a  chamber  surroundins:  the  steam 
nozzle  d  and  through  openings  in  the  rear  end  of  the  nozzle 
into  the  latter.  In  rushing  into  the  suction  jet  e^  it  carries 
the  air  in  /  with  it,  creating  a  partial  vacuum  there  and 
causing  water  to  flow  through  g.  This  water,  combined 
with  the  steam,  enters  the  combining  tube  h  and  fills  the 
boiler  feedpipe,  which  is  connected  to  the  nipple  /.  At  first, 
the  jet  has  not  sufficient  momentum  to  force  the  boiler 
check-valve,  and  consequently  the  water  flows  through  the 
annular  opening  between  e  and  h  and,  after  lifting  the  over- 
flow valve  k,  out  of  the  overflow  /.  The  speed  of  the  jet 
gradually  increases,  and  as  soon  as  its  momentum  is  suffi- 
cient, the  jet  forces  the  boiler  check-valve  and  enters  the 
boiler.  The  overflow  valve  k  then  closes  automatically  and 
the  injector  is  working. 

If  the  jet  should  break  from  any  cause,  the  water  will  lift 
the  overflow  valve  and  come  out  of  the  overflow,  but  as 
soon  as  the  momentum  is  sufficient  again,  the  water  will 
enter  the  boiler  once  more  and  the  overflow  yalve  will  close 
automatically. 

To  stop  the  injector,  the  handle  a  is  turned  so  as  to  screw 
the  valve  stem  inwards.  The  steam  nozzle  d^  which  is 
movable  longitudinally,  remaining  at  rest,  the  valve  at  the 
end  of  b  first  closes  the  central  opening  in  the  nozzle;  then,  as 
the  motion  of  the  handle  continues,  the  nozzle  and  valve  stem 
move  forwards  together  until  the  conical  seat  on  the  nozzle 
sits  on  the  steam- jet  guide  m^  when  steam  is  completely  shut 
off  from  the  steam  nozzle.  To  start  the  injector,  the  valve 
stem  is  slowly  turned  by  means  of  the  handle  a,  which  first 
opens  the  central  opening  of  the  nozzle,  and  then,  as  the 
nozzle  moves  backwards  with  the  valve  stem,  the  other  open- 
ings of  the  nozzle  also  admit  steam  and  the  injector  starts. 

21.  Fig.  8  shows  the  Hancock  inspirator,  which  is 
one  of  the  earliest  types  of  a  double-tube  injector.  The  term 
inspirator  is  merely  a  trade  name.  Steam  from  the  boiler 
enters  through  the  pipe  a  and  flows  through  the  steam 
nozzle  n  into  the  combining  nozzle  o,  thereby  causing  water 
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to  flow  up  the  pipe  b  into  the  lifting  side  of  the  instrument. 
The  water  then  passes  in  the  direction  of  the  arrows  to  the 
forcing  side  of  the  instrument,  entering  at  the  top  of  the 
forcing  tube  i,  where  it  is  met  by  a  jet  of  steam  flowing 
through  the  forcing  steam  nozzle  r,  and  is  further  heated  and 
given  an  increased 
velocity.  It  then 
passes  through  the 
pipe  c  to  the  boiler. 
In  order  to  start 
the  instrument,  the 
valve  V  must  be 
cloised  and  the  over- 
flow valves  /,  w 
opened.  Next,  the 
water  valve  d  and 
then  the  steam  valve 
e  are  opened,  when 
the  steam  will  rush 
through  «,  f ,  (,  and  w 
and  out  of  the  over- 
flow until  it  creates 
a   sufficient    vacuum 


the 


eft, 


■  lift- 


ing, side  to  cause 
the  water  to  flow  up, 
which  will  then  dis- 
charge out  of  the 
overflow.  As  soon 
as  the  water  appears, 
the  valve  /  must  be 
^'^-  *  closed  and  the  valve 

V  opened.  Immediately  thereafter  the  overflow  valve  fr  is  to 
be  closed,  when  the  inspirator  will  he  working.  To  stop  the 
injector,  the  valves  e  and  v  must  be  closed  and  /  and  tv  opened. 


22.     The  KortlDK  iinlvt-rMiil  iloublt^-tiiho  Injec-tor  is 

shown  in  elevation  in  Fig.  H  (ii)  and  in  section  in  Fig,  9  {b). 
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This  injector,  in  common  with  the  majority  of  double-tube 
injectors,  contains  a  mechanically  operated  overflow  valve, 
which  is  closed  by  the  act  of  starting  the  injector  to  feed 
the  boiler.  In  this  injector,  the  lower  nozzles  constitute  the 
lifting  apparatus  that  delivers  the  water  to  the  upper  noz- 
zles, where  it  is  given  sufficient  velocity  to  enter  the  boiler. 
Steam  enters  at  a  and  the  water  enters  at  b\  the  overflow  d 
is  closed  by  the  valves  on  the  stem  c,  and  the  water  passes 
to  the  boiler  through  e.  The  steam  nozzles  /and ^ are  closed 
by  valves  connected  by  means  of  the  yoke  bar  h  to  the  start- 
ing shaft  /. 

The  operation  of  the  injector  is  as  follows:  The  starting 
handle  k  being  in  the  position  shown,  the  overflow  valves 
are  wide  open,  but  the  nozzles  /  and  g  are  closed  by  their 
respective  valves.  The  steam-  and  water-admission  valves 
are  now  open  and  the  handle  k  is  pulled  over  gently  toward 
the  position  shown  in  dotted  lines.  This  causes  the  starting 
shaft  /  and  the  yoke  bar  h  to  move  in  the  same  direction  as 
the  handle,  and  consequently  the  valves  closing  the  nozzles 
/  and  ^  are  opened.  At  the  same  time,  the  overflow  valves 
are  closed  slightly,  the  starting  shaft  being  connected  to  the 
overflow-valve  stem  by  links  /,  bell-cranks  w,  and  links  v. 
The  bell-cranks  have  their  fulcrum  at  o.  The  steam  rushing 
through  the  lower  nozzle  g  creates  a  partial  vacuum  in  the 
water-supply  pipe  and  causes  the  water  to  flow  up,  which  is 
then  delivered  into  the  chamber  p  and  passes  out  of  the 
overflow.  Some  of  the  water  in  p  will  pass  to  the  nozzle  / 
and  will  deliver  into  the  chamber  g  and  thence  into  the  over- 
flow. In  a  very  short  time,  the  water  will  be  flowing  freely 
from  the  overflow,  and  the  handle  is  then  pulled  over  as  far 
as  it  will  go,  this  operation  opening  the  steam-nozzle  valves 
to  their  full  extent  and  at  the  same  time  closing  the  overflow 
openings  of  the  chambers  p  and  q.  The  injector  is  now 
working,  the  check-valve  r  being  forced  open. 

Since  the  overflow  outlet  is  positively  closed,  the  effects 
of  too  much  steam  or  water  cannot  manifest  themselves  by 
either  fluid  coming  from  the  overflow.  The  effect  of  too 
much  water  will  be  the  stopping  of  the  injector,  which  can 
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be  told  by  the  absence  of  vibration  in  the  .feedpipe  and  the 
comparatively  low  temperature  of  the  injector.  Too  much 
steam  manifests  itself  by  the  heating  of  the  injector  and 
failure  to  work;  the  remedy  is  either  to  reduce  the  steam  sup- 
ply or  to  increase  the  water  supply,  as  the  heating  shows  that 
the  steam  is  not  being  condensed.  These  statements  apply 
to  all  injectors  having  positively  closed  overflows,  i.  e.,  over- 
flow valves  so  constructed  that  they  cannot  lift  automatically 
when  the  injector  fails  to  force  the  water  into  the  boiler. 

23.     The  Monitor  Urtlngr  Injector,  shown  in  Fig.  10, 
occupies  an  intermediate  position  between  the  single-tube 


and  double-tube  injectors,  for  while  it  has  two  sets  of  tubes, 
the  one  set  is  used  in  starting  the  injector,  but  is  thrown  out 
of  action  as  soon  as  the  injector  is  working.  Steam  enters 
the  injector  at  F;  the  water  enters  at  P  and  passes  to  the 
boiler  through  the  nipple  N;  the  overflow  is  at  0. 

The  operation  is  as  follows:  The  water-admission  valve  B 
is  first  opened  by  turning  the  hand  wheel  IV;  the  primer 
valve  R  is  then  opened  by  the  handle  J,  thus  permit- 
ting steam  to  flow  through  the  passage  E  and  a  connec- 
tion, not  shown  in  the  figure,  to  the  nozzle  «,  From  », 
the  steam  rushes  into  the  overflow  nozzle  O,    this  nozzle, 
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in  conjunction  with  the  nozzle  «,  forming  the  lifting  part 
of  a  double-tube  injector.  A  passage  connects  the  chamber 
surrounding  u  with  the  space  above  the  overflow  valve  L> 
The  jet  of  steam  rushing  from  u  through  O  carries  with  it 
some  of  the  air  in  the  chamber  to  which  O  is  connected,  thus 
forming  a  partial  vacuum  in  the  space  above  the  overflow 
valve,  which  opens  and  thus  allows  the  air  in  Z>,  C,  (7,  Hy  K^ 
T,  and  P  to  be  exhausted.  The  pressure  of  the  atmosphere 
now  forces  the  water  into  the  injector,  and  it  finally  appears 
at  the  overflow.  As  soon  as  this  happens,  the  valve  R  is 
closed,  which  throws  the  priming  part  of  the  injector  out  of 
action.  The  steam  valve  A  is  now  opened  by  turning  the 
wheel  S,  which  admits  steam  to  the  nozzles  of  the  injector 
proper.  At  first,  the  water  will  come  out  of  the  overflow, 
but  as  soon  as  the  velocity  has  become  high  enough,  it  will 
enter  the  boiler,  the  overflow  valve  L  closing  automatically. 

24.  Size  of  Injectors. — The  capacity  of  an  injector 
cannot  be  calculated  by  any  simple  rules;  furthermore,  there 
is  no  standard  method  followed  by  all  injector  makers  of 
designating  the  capacity  of  their  instruments  by  numbers  or 
other  designations.  Hence,  an  injector  must  be  selected 
from  the  lists  of  capacities  published  by  the  makers,  select- 
ing one  having  a  delivery  per  hour  at  least  one-half  greater 
than  the  evaporation  per  hour  of  the  boiler  to  which  it  is 
applied,  in  order  to  have  some  reserve  capacity. 

25.  Installation. — An  injector  must  always  be  placed 
in  the  position  recommended  by  the  maker,  for  the  reason 
that  some  injectors  will  work  well  only  in  one  position. 
There  must  always  be  a  stop-valve  in  the  steam-supply  pipe 
to  the  injector,  which  should,  for  convenience,  be  placed  as 
close  to  the  injector  as  is  possible.  While  lifting  injectors, 
when  working  as  such,  scarcely  need  a  stop-valve  in  the 
suction  pipe,  it  is  advisable  to  supply  it.  When  the  water 
flows  to  the  injector  under  pressure,  a  stop-valve  in  the 
water-supply  pipe  is  a  necessity.  A  stop-valve  and  check- 
valve  must  be  placed  in  the  feed-delivery  pipe,  with  the 
stop-valve  next  to  the  boiler.    The  check-valve  should  never 
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be  omitted,  even  though  the  injector  itself  is  supplied  with 
one.  No  valve  should  ever  be  placed  in  the  overflow  pipe, 
nor  should  the  overflow  be  connected  directly  to  the  over- 
flow pipe,  but  a  funnel  should  be  placed  on  the  latter  so  that 
the  water  can  be  seen.  This  direction  does  not  apply  to  the 
inspirator  or  to  any  other  injector  that  has  a  hand-operated, 
separate  overflow  valve.  In  the  inspirator,  the  overflow 
pipe  is  connected  directly  to  the  overflow,  but  the  end  of  the 
pipe  must  be  open  to  the  air.  In  general,  where  the  injector 
lifts  water,  it  is  not  advisable  to  have  a  foot  valve  in  the 
suction  pipe,  as  it  is  desirable  that  the  injector  and  pipe 
drain  themselves  when  not  in  use.  It  is  a  good  idea  to 
place  a  strainer  on  the  end  of  the  suction  pipe. 

The  steam  for  the  injector  must  be  taken  from  the  highest 
part  of  the  boiler,  as  it  is  essential  to  the  successful  working 
of  the  injector  that  it  be  supplied  with  dry  steam.  Under  no 
consideration  should  the  steam  be  taken  from  another  steam 
pipe;  the  injector  should  always  have  its  own  independent 
steam-supply  pipe.  The  suction  pipe  should  be  as  straight 
as  possible  and  must  be  absolutely  air-tight.  A  very  impor- 
tant consideration  in  connecting  up  an  injector  is  to  have  the 
pipes  cleaned  by  blowing  them  out  with  steam  before  making 
the  connection,  since  quite  a  small  bit  of  dirt  getting  into 
the  injector  will  interfere  seriously  with  its  working.  It  is 
recommended  to  always  so  locate  the  injector  that  the  steam 
pipe,  suction  pipe,  and  feed-delivery  pipe  will  be  as  straight 
and  as  short  as  possible.  With  boilers  that  are  forced  very 
much  and  hence  generate  wet  steam,  it  is  advisable  to  use  a 
so-called  supplementary  dowe,  which  is  simply  a  vertical  piece 
of,  say,  2-inch  pipe  about  12  to  18  inches  long;  the  injector 
steam  pipe  is  then  connected  to  the  top  of  this  supplemen- 
tary dome. 

26.  Troubles  and  Remedies. — In  discussing  the  diffi- 
culties experienced  with  injectors,  the  suction  pipe,  strainer, 
feed-delivery  pipe,  and  check-valve  are  considered  as  parts  of 
the  injector,  since  a  disorder  in  any  of  these  affects  the  work 
of  the  injector  itself.     In  searching  for  the  cause  of  a  trouble. 
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therefore,  the  suction  and  delivery  pipes*  should  be  carefully 
inspected,  as  well  as  the  injector. 

27.    The  causes  that  prevent  an  injector  raising:  water  are: 

1.  Suction  Pipe  Stopped  Up. — This  is  due,  generally,  to  a 
clogged  strainer  or  to  the  pipe  itself  being  stopped  up  at 
some  point.  This  prevents  water  from  coming  through  and 
is  probably  the  most  frequent  cause  of  an  injector  not  priming. 
In  case  the  suction  pipe  is  clogged,  blow  steam  back  through 
the  pipe  to  force  out  the  obstruction. 

2.  Leaks  in  Suction  Pipe. — When  this  is  the  case,  air 
enters  and  prevents  the  injector  forming  the  vacuum  required 
to  raise  the  water.  To  test  the  suction  pipe  for  air  leaks, 
plug  the  end  and  turn  the  full  steam  pressure  on  the  pipe. 
The  presence  of  leaks  will  be  revealed  by  the  steam  issuing 
therefrom.  To  get  steam  into  the  suction  pipe,  the  overflow 
valve  must  be  held  to  its  seat  in  some  convenient  way,  or  the 
overflow  must  be  closed  tight  in  some  manner.  It  is  advis- 
able to  have  the  suction  pipe  full  of  water  before  steam  is 
turned  on,  since  the  presence  of  small  leaks  will  be  revealed 
better  by  water  than  by  steam.  After  testing,  do  not  forget 
to  clear  the  overflow  and  the  end  of  the  suction  pipe. 

3.  Water  in  the  Suction  Pipe  Too  Hot. — In  case  the  feed- 
water  supply  is  taken  from  a  tank  and  the  supply  is  cool 
under  normal  conditions,  a  leaky  steam  valve  or  leaky 
boiler  check-valve  and  leaky  injector  check-valve  may  be 
the  cause  of  hot  water  or  steam  entering  the  source  of  sup- 
ply and  heating  the  water  so  hot  that  the  injector  refuses  to 
handle  it. 

The  reason  that  hot  water  in  the  suction  pipe  affects  the 
operation  of  the  injector  is  as  follows:  The  temperature  at 
which  water  boils  depends  on  the  pressure  to  which  it  is 
subjected.  It  has  been  determined,  by  experiment,  that 
water  will  boil  at  about  380*^  F.  under  a  gauge  pressure  of 
180  pounds;  at  212°  F.  when  subjected  to  an  atmospheric 
pressure  of  about  14.7  pounds  per  square  inch;  and  at  about 
190°  F.  when  in  10  inches  of  vacuum.  This  shows  that 
decreasing  the  pressure  on  the  water  lowers  its  boiling  point. 
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Now,  when  the  lifting  jet  of  an  injector  is  turned  on,  a 
vacuum  is  formed  in  the  suction  pipe;  and  if  the  water  there 
is  at  a  temperature  of  160°  to  175°  F.,  it  gives  oflE  vapor, 
which  fills  the  suction  pipe  and  destroys  the  vacuum. 

In  case  the  water  is  too  hot,  cool  it  in  any  convenient 
manner  and  at  the  first  opportunity  trace  out  the  cause  and 
remove  it.  When  the  water  in  the  suction  pipe  is  very  hot, 
but  the  water  in  the  source  of  supply  is  cool,  hold  the  over- 
flow valve  to  its  seat  in  any  convenient  manner  or  plug  the 
overflow  and  open  the  steam  valve.  The  steam  pressure 
will  then  force  the  hot  water  out  of  the  suction  pipe.  Open 
the  overflow  valve  or  overflow  as  soon  as  this  has  been  done; 
the  cool  water  entering  the  suction  pipe  should  now  be  raised 
easily.  Hot  water  in  the  suction  pipe  only  is  most  likely 
due  to  a  choked  overflow. 

4.  Obstruction  in  Tubes, — There  may  be  an  obstruction  in 
the  lifting  or  combining  tubes,  or  the  spills  (or  openings) 
in  the  tubes  through  which  the  steatn  and  water  escape  to 
the  overflow  may  be  clogged  up.  In  either  case,  the  free 
passage  of  the  steam  to  the  overflow  will  be  interfered  with, 
and,  consequently,  a  steam  pressure  instead  of  a  vacuum  will 
be  formed  in  the  suction  pipe,  the  extent  of  the  pressure 
depending  on  the  amount  of  obstruction. 

28.  In  some  cases  an  injector  will  lift  water,  but  will  not 
force  it  into  the  boilerj  or  it  may  force  part  of  it  into  the 
boiler  and  the  rest  out  of  the  overflow.  When  it  fails  to 
force,  the  trouble  may  be  due  to  one  or  the  other  of  the  fol- 
lowing causes: 

1.  Choked  Suction  Pipe  or  Strainer. — If  the  suction  pipe 
or  the  strainer  is  partially  choked,  the  injector,  in  either 
case,  will  be  prevented  from  lifting  sufficient  water  to  con- 
dense all  the  steam  issuing  from  the  steam  valve.  The 
uncondensed  steam,  therefore,  will  gradually  decrease  the 
vacuum  in  the  combining  tube  until  it  is  reduced  so  much 
that  the  injector  will  break.  It  is  to  be  remembered  that 
when  the  injector  is  operating,  it  is  the  vacuum  in  the  com- 
bining tube  that  causes  the  water  to  be  raised.    The  remedy, 
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in  case  the  supply  valve  is  partially  closed,  is  obvious.     In 
the  case  of  choked  suction  pipe,  blow  out  the  obstruction. 

2.  Suction  Pipe  Leaking, — The  leak  may  not  be  sufficient 
to  entirely  prevent  the  injector  lifting  water,  but  the  quantity 
lifted  may  be  insufficient  to  condense  all  the  steam,  which, 
therefore,  destroys  the  vacuum  in  the  combining  tube. 
A  slight  leak  may  exist  that  will  simply  cut  down  the 
capacity  of  the  injector.  In  such  a  case,  an  automatic 
injector  will  work  noisily,  on  account  of  the  overflow  valve 
seating  and  unseating  itself  as  the  pressure  in  the  combining 
tube  varies,  due  to  the  leak. 

3.  Boiler  Check-Valve  Stuck  Shut, — If  completely  closed, 
the  injector  may  or  may  not  continue  to  raise  water  and 
force  it  out  of  the  overflow:  it  depends  on  the  design  of  the 
injector.  If  the  boiler  check  is  partly  open,  the  injector  will 
force  some  of  the  water  into  the  boiler  and  the  remainder 
out  of  the  overflow.  In  case  the  check-valve  cannot  be 
opened  wide,  water  may  be  saved  by  throttling  both  steam 
and  water  until  the  overflow  diminishes,  or,  if  possible, 
ceases.  The  steam  should  be  throttled  at  the  valve  in  the 
boiler  steam  connection,  however,  and  not  at  the  steam 
valve  of  the  injector,  as  throttling  tends  to  superheat  the 
steam,  and  an  injector  will  not  work  as  satisfactorily  with 
superheated  steam  as  with  saturated  steam.  By  throttling 
the  steam  at  the  boiler,  the  excess  of  heat  due  to  this 
throttling  will  be  lost  before  the  steam  reaches  the  injector. 

If  a  check-valve  sticks,  it  can  sometimes  be  made  to  work 
again  by  tapping  lightly  on  the  cap  or  on  the  bottom  of  the 
valve  case. 

4.  Obsirtiction  in  Delivery  Tube. — Any  obstruction  in  the 
delivery  tube,  such  as  cotton  waste,  scale,  or  coal,  will  cause 
a  heavy  waste  of  water  from  the  overflow.  To  remedy  this, 
the  tube  will  probably  have  to  be  removed  and  cleaned. 

5.  Leaky  Overflow  Waive. — This  not  only  diminishes  the 
capacity  of  the  injector,  but  allows  air  to  be  drawn  into 
the  boiler;  and  if  the  leak  is  sufliciently  great,  it  will  destroy 
the  vacuum  in  the  combining  tube  and  prevent  the  injector 
operating.     A  leaky  overflow  valve  is  indicated  by  the  boiler 
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check  chattering  on  its  seat.     To  remedy  this  defect,  grind 
the  valve  on  its  seat  until  it  forms  a  tight  joint. 

6.  Injector  Choked  With  Lime. — It  is  essential  to  the 
proper  working  of  an  injector  that  the  interior  of  the  tubes 
should  be  perfectly  smooth  and  of  the  proper  bore.  When 
the  injector  handles  water  containing  scale-forming  impuri- 
ties, such  as  are  found  in  river  and  lake  waters,  which  are 
chiefly  sulphate  of  lime  and  carbonate  of  lime,  the  tubes,  in 
course  of  time,  become  covered  with  a  deposit  of  lime  and 
the  capacity  of  the  injector  decreases  until,  finally,  it  refuses 
to  work  at  all.  If  the  water  used  is  very  bad,  it  becomes 
necessary  to -frequently  cleanse  the  tubes  of  the  accumulated 
lime.  This  may  be  accomplished  by  putting  the  parts  in  an 
acid  bath,  allowing  the  acid  to  remove  the  scale.  The  bath 
should  consist  of  one  part  of  muriatic  acid  to  ten  parts  of 
water.  The  tubes  should  be  removed  from  it  as  soon  as  the 
gas  bubbles  cease  to  be  given  off.  The  acid  combines  with 
the  lime  and  forms  a  gas,  and  as  long  as  there  is  lime  to 
combine  with,  it  will  not  attack  the  copper  in  the  tubes. 
After  the  lime  has  all  combined,  however,  the  acid  will 
attack  the  tubes,  with  the  result  that  the  inner  surface  will 
become  pitted  and  rough,  which  will  affect  the  working  of 
the  injector. 

29.  Advantages  and  Disadvantasres. — The  advan- 
tages of  the  injector  as  a  boiler-feeding  apparatus  are  its 
cheapness  as  compared  with  a  pump  of  equal  capacity;  it 
occupies  but  little  space;  the  repair  bills  are  Ipw,  owing  to 
the  absence  of  moving  parts;  no  exhaust  piping  is  required, 
as  with  a  steam  pump;  it  delivers  hot  water  to  the  boiler. 
The  disadvantages  of  the  injector  are  that  it  will  not  start 
with  a  steam  pressure  less  than  that  for  which  it  is  designed, 
and  that  it  will  stand  but  little  abuse,  being  poorly  adapted 
for  handling  water  containing  grit  or  other  matter  liable  to 
cut  the  nozzles. 

Such  economy  as  is  derived  from  the  use  of  an  injector  is 
not  chargeable  to  its  economy  in  the  use  of  steam,  for  it 
uses  as  much  steam  as  a  fairly  good  steam  pump,  but  rather 
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to  the  fact  of  the  use  of  an  injector  insuring  the  delivery  of 
hot  feedwater  to  the  boiler.  The  introduction  of  hot  feed- 
water  has  a  marked  effect  on  the  repair  bills  and  tends  to 
increase  the  life  of  a  boiler  by  diminishing  the  stresses 
incidental  to  expansion  and  contraction. 


FEEDWATER  PURIFICATION  AND 

HEATING 


FEEDWATER  PURIFICATION 


IMPURITIES 

30.  The  solid  matter  contained  in  sea-water  consists 
chiefly  of  chloride  of  sodium  (common  salt),  sulphate  of 
lime  (plaster  of  Paris),  carbonate  of  lime  (limestone  or 
marble),  chloride  of  magnesium,  and  traces  of  various  other 
substances.  River  and  lake  waters,  if  fresh,  as  is  usually  the 
case,  are  liable  to  contain  carbonate  of  lime,  sulphate  of  lime, 
carbonate  of  magnesia,  sulphate  of  magnesia,  organic  matter, 
earthy  matter,  and  occasionally  acids.  Fresh  water  from  a 
surface  condenser  or  the  water  drawn  from  a  jet  condenser 
usually  contains  the  oil  or  grease  used  for  lubricating  the 
engine  cylinders,  which  is  carried  into  the  condenser  by  the 
exhaust  steam. 

Carbo7iate  of  lime  will  not  dissolve  in  pure  water,  but  will 
dissolve  in  water  that  contains  carbonic-acid  gas.  It 
becomes  insoluble  and  is  precipitated  in  the  solid  form  when 
the  water  is  heated  to  about  212°,  the  carbonic-acid  gas 
being  driven  off  by  the  heat. 

Sulphate  of  lime  dissolves  readily  in  cold  water,  but  not  in    , 
hot  water.     It  precipitates  in  the  solid  form  when  the  water 
\s  heated  to  about  290°,  corresponding  to  a  gauge  pressure 
of  45  pounds. 

Chloride  of  sodium  will  not  be  precipitated  by  the  action  of 
heat  unless  the  water  contains  large  quantities  of  it.     Since  it 
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is  generally  present  in  but  very  small  quantities  in  fresh  water, 
it  will  take  a  very  long  time  before  it  causes  trouble  in  the 
boiler;  and  if  the  boiler  is  blown  out  at  the  usual  intervals, 
there  will  be  little  danger  of  the  water  becoming  saturated 
with  it.  Consequently,  it  is  one  of  the  least  troublesome 
scale-forming  substances  contained  in  fresh  water.  In  sea* 
water,  however,  it  is  present  in  such  a  large  proportion 
that  the  use  of  sea-water  for  boiler  feeding,  except  in  emer- 
gencies, is  precluded. 

Chloride  of  magnesium  is  one  of  the  worst  impurities  in 
water  intended  for  boilers,  for  while  not  dangerous  as  long 
as  the  water  is  cold,  it  renders  the  water  corrosive  when 
heated,  and  dangerously  corrosive  when  it  is  present  in  large 
quantities;  in  such  a  case  the  metal  of  the  boiler  is  rapidly 
corroded. 

Carbonate  of  magnesia  and  sulphate  of  magnesia  are  not  very 
troublesome  constituents  of  feedwater. 

Organic  matter  by  itself  may  or  may  not  cause  the  water 
to  become  corrosive,  but  will  often  cause  foaming;  when  it 
is  present  in  small  quantities  in  water  containing  carbonate 
or  sulphate  of  lime,  or  both,  it  usually  serves  to  keep  the 
deposits  from  becoming  hard. 

Earthy  matter^  like  organic  matter,  is  not  dissolved  in  the 
water,  but  is  in  mechanical  suspension.  It  is  very  objection- 
able, especially  in  the  form  of  clay;  and  when  other  scale- 
forming  substances  are  present,  a  hard  scale  resembling 
Portland  cement  is  likely  to  result. 

Acids,  such  as  sulphuric  acid,  nitric  acid,  tannic  acid,  and 
acetic  acid,  are  sometimes  present  in  feedwater  taken  from 
rivers.  The  sulphuric  acid  is  the  most  dangerous  of  these 
acids,  attacking  the  metal  of  which  the  boiler  is  composed 
and  corroding  it  very  rapidly.  The  other  acids,  while  not 
so  violent  in  their  action  as  the  sulphuric  acid,  are  also  dan- 
gerous, and  water  containing  them  should  be  neutralized 
when  it  must  be  used. 

Oil,  or  grease,  in  the  feedwater,  when  carried  into  the  boiler, 
is  liable  to  do  much  harm;  it  seems  to  combine  mechanically 
with  certain  impurities,  forming  a  loose,   spongy  mass,  or 
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deposits  by  itself,  on  the  plates.  In  either  case,  it  greatly 
hinders  the  transfer  of  heat  from  the  plate  to  the  water,  and 
hence  has  been  in  mumerous  instances  the  cause  of  over- 
heated plates  and  collapsed  furnace  flues.  Too  gjeat  care 
cannot  be  exercised  to  keep  oil  or  grease  out  of  boilers. 


MBTHODS    OF    PURIFICATION 

31.  The  impurities  contained  in  the  feedwater  of  marine 
boilers  may  be  removed  or  rendered  harmless  in  several 
ways: 

1.  By  Filtration, — This  method  will  remove  floating 
impurities,  such  as  oil  or  grease  mixed  with  the  feedwater  of 
a  condensing  engine.  It  will  also  quite  effectually  remove 
all  matter  in  mechanical  suspension,  such  as  earthy  matter. 
Filtration  pure  and  simple  will  not  remove  matter  in  solution. 

2.  By  Gravity  Separation,  —  This  method  relies  on  the 
difference  in  specific  gravity  between  oil  or  grease  and  water 
for  a  separation.  It  will  not  separate  matter  in  solution 
from  the  feedwater. 

3.  By  Heat, — This  method  will  precipitate  carbonate  of 
lime,  sulphate  of  lime,  and  chloride  of  sodium,  the  three 
scale-forming  substances  held  in  solution.  The  carbonate 
of  lime  and  the  sulphate  of  lime  precipitate  as  soon  as  the 
water  is  heated  to  about  290°  F.  Hence,  if  the  feedwater 
be  heated  in  a  separate  vessel  to  that  temperature,  the 
impurities  will  deposit  there  instead  of  in  the  boiler.  Chlo- 
ride of  sodium  (salt)  will  not  be  precipitated  by  heating  the 
water,  unless  the  water  is  saturated  with  it.  Chloride  of 
magnesium  cannot  be  removed  from  the  water  by  heating. 

4.  By  Chemical  Aleafis. — This  method  will  render  harm- 
less the  choloride  of  magnesium  contained  in  solution  in  sea- 
wateir.  When  water  containing  chloride  of  magnesium  in  a 
proportion  of  more  than  about  200  grains  to  the  gallon  is 
heated  to  a  high  temperature,  the  water  will,  under  certain 
conditions,  particularly  if  corrosion  has  already  begun  in  the 
boiler,  become  acid,  and  hence  highly  corrosive.  Chemical 
means  will  also  render  harmless  fatty  acids  due  to  vegetable 
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or  animal  oils,  or  adulterated  mineral  oils  that  have  been 
decomposed  by  heat.  In  marine  work,  it  is  extremely  rare 
to  attempt  to  purify  fresh  feedwater  by  chemical  means. 


PURirriNG    BY    FILTRATION 

32.  A  cheap,  easily  installed,  and  quite  efficient  way  of 
removing  oil  or  grease  and  other  floating  impurities  from  feed- 
water  is  to  pass  the  water  through  an  open  wooden  box  filled 
with  hay.  The  suction  pipe  of  the  feed-pump  is  connected 
to  the  bottom  of  this  box,  the  end  of  the  suction  pipe  being  . 
covered  with  a  perforated  plate  called  a  strainer,  to  prevent 
any  hay  from  entering  the  pump.  The  oil  and  grease  con- 
tained in  the  water  will  deposit  on  the  hay,  which  is  renewed 
occasionally.  The  box  is  usually  divided  by  wooden  parti- 
tions into  several  compartments,  the  passage  of  the  water 
being  as  follows:  It  enters  at  the  bottom  of  one  compart- 
ment,  flows  upwards  through  the  hay  therein,  and  then  enters 
the  top  of  the  next  compartment  through  a  hole  near  the  top, 
or  over  the  top,  of  the  partition.  It  then  flows  downwards 
into  the  second  compartment  and  enters  the  third  at  the  bottom, 
and  so  on,  leaving  finally  at  the  bottom.  Sometimes  burlap 
(ordinary  coarse  bagging)  is  placed  in  the  first  compartment 
for  the  water  to  percolate  through.  In  doing  so,  it  deposits 
most  of  the  impurities  on  the  burlap,  which  must  be  cleaned 
and  renewed  frequently. 

33.  A  Ross  feedwater  filter,  designed  to  remove  oil 
and  grease  from  the  feedwater  of  a  surface  condensing 
engine,  is  shown  in  Fig.  11.  The  water  coming  from  the 
feed-pump  enters  at  a  and  passes  into  the  filtering  cham- 
ber b.  It  cannot  leave  this  filtering  chamber  without  passing 
through  the  filter  r,  which  consists  of  light  circular  bronze 
sections  of  open  latticework  held  together  by  long  bolts  and 
covered  by  toweling.  This  material  is  technically  known  as 
**linen  terry,"  and  popularly  as  '^Turkish  toweling.*'  The 
toweling  is  made  up  in  the  shape  of  a  bag  somewhat  larger 
than  the  spider;  it  is  drawn  over  the  filter  and  down  between 
each  of   the  sections  by  a   string  wound  around  it.     The 
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feedwater  slowly  passes  through  the  filtering  material  into 
the  interior  of  the  filter;  it  then  goes  through  the  left-hand 
opening  of  the  filtering  chamber  and  through  the  valve  d 
into  the  feedpipe  again,  and  thence  to  the  boiler.  The  foreign 
matter  filtered  from  the  water  accumulates  on  the  filtering 
material,  and  in  course  of  time  offers  considerable  resistance 
to  the  passage  of  the  water.  This  resistance  is  shown  by  the 
difference  in  reading  of  two  pressure  gauges.  One  of  these 
is  connected  to  the  chamber  b  and  the  other  to  the  left-hand 
passage.  When  this  difference  amounts  to  3  pounds,  the 
filter  is  in  need  of  clean- 
ing. To  clean  the  filter, 
close  valves  d,  e  and  open 
the  drain  at  /.  Now  open 
valve  e  a  little.  A  current 
of  water  will  then  flow 
around  the  filter  and  out 
of  the  drain,  washing  the 
outside  of  the  toweling. 
Next,  close  valve  e  and 
open  valve  d.  Then,  the 
drain  being  open,  a  current 
of  water  will  flow  through 
the  filter  in  a  direction  op- 
posite to  that  in  which  the 
water  passes  through  it 
'  when  filtering.  Thewater, 

"^'  '^  flowing  in  a  reverse  direc- 

tion, tends  to  loosen  the  foreign  matter  adhering  to  the  outside 
of  the  filter.  To  start  the  filter  again,  open  valves  d  and  e  and 
close  the  drain.  Should  it  be  found  that  the  washing  of  the 
filter  as  explained  above  is  insufficient  to  clean  it,  new  towel- 
ing must  be  inserted.  To  do  this,  close  valves  d  and  e  and 
open  the  drain.  The  water  from  the  feed-pump  will  now  pass 
directly  to  the  boiler,  the  screwing  down  of  the  valve  e  to 
close  the  opening  to  the  filter  chamber  opening  a  by-pass,  as 
shown.  The  covers  can  now  be  removed  and  new  toweling 
inserted. 
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34.  An  Edmlston  feedwater  filter  is  shown  in  Pie- 12. 
It  consists  of  a  vessel  a  divided  into  two  chambers  by  per- 
forated plates  b,  b  covered  with  coarsely  woven  cloth.  The 
feedwater  is  admitted  to  the  chamber  a',  and  cannot  reach 
the  chamber  a"  except  by  passing  through  the  filtering  cloth. 
The  oil  and  other  floating  impurities  rise  into  the  scum 
chamber  c.  whence  they  are  removed,  periodically,  by  opening 
the  blow-off  d.    The  heavier  impurities  settle  into  the  pocket  e. 


which  is  provided  with  a  blow-off  cock,  A  pressure  gauge  is 
attached  to  the  chamber;  when  this  gauge  indicates  more 
than  5  pounds  pressure  in  the  chamber  in  excess  of  that  in 
the  boiler,  it  shows  that  the  strainer  is  clogged  and  must 
be  cleaned.  This  is  done  by  closing  the  valves  f,g  and 
opening  the  by-pass  valve  h,  thus  cutting  the  filter  out  of  the 
feedpipe.  The  soda  cup  i  is  now  filled  with  soda,  and  steam 
turned  on,  thus  boiling  out  the  filter.  The  soda  dissolves 
the  grease  and  the  matter  in  the  filter  can  be  blown  out. 
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If  boiling  out  fails  to  clear  the  filter,  the  filtering  cloths 
must  be  removed  and  new  ones  substituted.  To  do  this, 
first  cut  the  filter  out  of  the  feedpipe,  letting  the  feedwaler 
go  through  the  by-pass.  Then  loosen  the  setscrew  k.  Now 
open  the  hinged  door  /.  The  plates  or  diaphragms  can 
then  be  readily  removed. 

35.  The  feedwater  filter  that  is  illustrated  in  Pigs.  13, 
14,  and  15  is  known  to  the  trade  as  the  Reflex  feedwater 
filter  and  is  manufactured  by  the  Blackburn -Smith  Co.,  of 


New  York  City.  This  filter  consists  mainly  of  the  cast-iron 
vessel  or  chest  a.  Fig.  13,  having  a  removable  cover  h,  and 
containing  a  number  of  what  are  termed  cartridges  c,c,c. 
One  of  these  cartridges  is  illustrated  in  detail  in  Fig.  14. 
It  consists  of  two  tubes,  one  inside  of  the  other;  Fi^.  14  («) 
represents  the  inner  tube  and  Fig.  14  (A)  the  outer  tube. 
These  tubes  are  cylindrical  vessels  of  sheet  metal,  closed  at 
their  tops  and  perforated  with  large  reclatigular  holes;  in 
fact,  they  are  merely  light  frames  for  the  support  of  the 
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filtering  material.  The  lower  end  of  the  inner  tube  is  perma- 
□eotly  expanded  in  the  plate  d.  Figs.  13  and  14  (a),  which 
separates  the  filter  chest   from   the   pure-water  chamber  e. 


The  outer  tube.  Fig.  14  {h),  is  removable;  its  upper  end 
is  closed  by  the  flanged  stopper  /,  which  is  riveted  in.  A 
tapped  hole  g  is  provided  in  the  irenier  of  tlje  stopper  to 
receive  the  threaded  part  of  the  handle  and  cloth  cramp  h. 
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Fig.  14  (c).  The  filtering  material  consists  of  a  bag  made 
of  linen  or  cotton  special  Turkish  toweling,  left  open  at  the 
top  end.  The  length  of  the  bag  is  a  little  more  than  the 
combined  lengths  of  the  inner  and  outer  tubes,  and  it  is  of 
the  proper  size  to  fit  snugly  over  the  outside  of  the  outer 
tube.  The  bag  is  drawn  over  the  outer  tube  until  it  extends 
i  inch  above  the  top  of  the  tube.  It  is  then  turned  in  as 
shown  at  i,  Fig.  14  (d),  and  the  handle  k  is  screwed  in 
place,  thereby  cramping  the  cloth  effectually  at  that  end. 
The  loose  end  of  the  bag,  which  is  closed  and  extends 
beyond  the  lower  end  of  the  outer  tube,  is  shoved  inside,  as 
shown  at  /,  Fig.  14  (d),  by  any  convenient  rod  or  stick. 
The  outer  tube  is  then  placed  over  the  inner  tube  telescop- 
ically,  as  shown  in  Fig.  14  (e),  which  completes  the  cartridge. 

36.  The  filtration  of  the  water  is  effected  as  follows: 
The  water  from  the  feed-pump  enters  the  filtering  chamber  k, 
Fig.  13,  through  the  pipe  /  and  surrounds  the  cartridges  c^c^c. 
The  water  is  under  sufficient  pressure  to  force  it  through  the 
outer^covering  of  filtering  cloth  shown  at  m,  Fig.  14  (e). 
It  now  enters  the  annular  space  n  between  the  inner  and 
outer  tubes  of  the  cartridge,  whence  it  passes  through 
another  thickness  of  the  filtering  cloth  into  the  inside  of  the 
inner  tube  and  out  through  the  lower  end  of  it  into  the  pure- 
water  chamber  e.  Fig.  13,  and  thence  through  the  pipe  o  and 
opening  p  to  the  boilers.  The  lower  parts  of  the  filtering 
cloths  are  cut  away  in  Fig.  13  in  order  to  partly  show  the 
construction  of  the  cartridges.  The  number  of  cartridges 
varies  from  1  to  19,  according  to  the  capacity  of  the  filter,  and 
a  spare  set  of  bags,  which  should  always  be  kept  clean,  is 
supplied  with  each  filter.  The  foul  bags  can  be  removed 
and  then  washed  out  in  boiling  water  and  soda.  Thus  a 
clean  set  of  bags  is  always  ready  for  insertion  at  any 
moment.  The  advantages  claimed  for  these  cartridges  are 
simplicity,  ease  of  removal,  large  filtering  surface  in  a  small 
space,  effectiveness  due  to  double  filtration,  saving  of 
weight,  and  the  rapidity  with  which  the  filtering  bags  can  be 
taken  off  and  renewed. 
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37.  The  valves  and  other  details  of  the  Reflex  filter  are 
illustrated  in  Fig.  15.  The  inlet,  outlet,  and  by-pass  valves 
are  operated  by  a  single  stem  a.  While  the  filter  is  in  use, 
the  valve  stem  is  screwed  up  as  far  as  it  will  go.  This 
opens  the  inlet  valve  6  and  the  outlet  valve  c  simultaneously. 


At  the  same  time,  the  upper  edge  d  of  the  outlet  valve  closes 
the  by-pass  passage.  To  clean  the  filter,  the  valve  stem  is 
screwed  down  hard,  thereby  closing  the  inlet  and  outlet 
valves  and  opening  the  by-pass  valve.  This  allows  the 
boilers  to  steadily  receive  their  normal  amount  of  feedwater. 
Aside  from  the  fact  that  with  a  single  stem  weight  is  saved 
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and  simplicity  is  gained,  the  most  important  feature  of  this 
arrangement  is  that  it  is  impossible  to  fracture  the  feed- 
pump or  feedpipe  by  closing  the  inlet  valve  before  opening 
the  by-pass  valve,  which  might  be  the  case  if  three  distinct 
valves  were  used. 

38.  Filters  of  over  150-horsepower  capacity  are  fitted 
with  two  pressure  gauges,  one  on  the  inlet  side  e  and  one  on 
the  outlet  side  /  of  the  chest.  The  difference  of  pressure 
shown  by  these  two  gauges  indicates  the  actual  pressure  on 
the  filtering  cloths.  To  obtain  the  best  results  from  the 
filter,  the  pressure  difference  should  be  kept  under  30  pounds 
per  square  inch;  if  the  difference  of  the  gauges  indicates  more 
than  this,  the  filter  is  in  need  of  cleaning.  The  drain  and 
sludge  valve  g  is  placed  at  the  lowest  point  of  the  filter 
chest,  through  which  the  oil  and  dirt  can  be  blown  out.  The 
steam-cleaning  valve  h,  which  is  attached  to  the  pure-water 
chamber,  is  provided  to  temporarily  clean  the  filter  without 
removing  the  cartridges.  This  is  effected  by  by-passing  the 
feedwater  and  then  opening  the  steam-cleaning  and  drain 
valves.  The  steam  flows  in  the  reverse  direction  to  the  flow 
of  water  and  blows  a  large  portion  of  the  grease  and  sedi- 
ment through  the  drain  valve. 

39.  When  it  is  desirable  to  provide  for  constant  filtration 
in  preference  to  by-passing  the  greasy  water  into  the  boilers 
while  the  filter  is  being  cleaned,  the  duplex  filter  meets  the 
requirement.  This  consists  simply  of  a  pair  of  duplicate 
filters  connected  up  by  means  of  the  necessary  piping  and 
ordinary  cross  and  angle  stop-valves,  so  arranged  that  either 
filter  can  be  entirely  shut  off  for  cleaning,  while  the  other,  for 
the  time  being,  does  the  work  of  both.  These  filters  are 
tested  to  300  pounds  hydrostatic  pressure  per  square  inch. 


PURIFYING    BY    GRAVITY    SEPARATION 

40.  A  Wass  prrease  extractor,  as  made  by  Cramp 
&  Co.,  is  illustrated  in  Fig.  16.  It  consists  of  a  closed  cast- 
iron  vessel  placed  between  the  feed-piinip  and  the  boiler. 
The  feedwater  enters  at  A  and  passes  over  and  iiiu'.er  the 
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alternate  partitions  B,B,  leaving  the  extractor  at  C.  The 
grease,  on  account  of  its  lower  specific  gravity,  rises  to  the 
surface  in  each  of  the  compartments  formed  by  the  parti- 
tions, and  since  the  level  of  the  water  is  above  the  top  of  the 
higher  partitions,  the  tendency  of  the  grease  oa  the  surface 
is  to  flow  toward  the  outlet  end  of  the  apparatus,  where  the 
grease  outlet  pipe  D  is  located.  The  pressure  exerted  by 
the  air  confined  between  the  surface  of  the  liquid  and  the 


cover  forces  oui  the  grease  on  opening  the  valve  in  the 
pipe  D.  This  is  done  at  intervals  varying  with  the  amount 
of  grease  carried  in.  A  plate  E  at  the  outlet  end  prevents 
the  mixture  of  the  outflowing  grease  and  feedwater.  A  float 
valve  F  allows  the  air  to  escape  from  the  extractor  when  it 
is  first  filled.  The  valve  is  closed  by  means  of  the  float,  on 
the  water  reaching  a  certain  height,  and  the  air  remaining 
is  compressed.  By  means  of  the  drain-cock  6",  the  extractor 
may  be  emptied  for  the  purpose  of  examination  or  repair, 
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the  different  compartments  communicating  with  each  other 
by  a  small  hole  g  at  the  bottom  of  each  partition.  This 
style  of  extractor  is  extensively  used  in  sea-going  steam 
vessels  having  surface  condensers.  The  pipe  connections 
are  made  so  that  the  extractor  may  be  cut  out,  if  desired, 
and  the  feedwater  passed  directly  to  the  boiler. 


PURIFYING    BY    HEAT 

4 1  •  Heat  causes  the  precipitation  of  several  scale-forming 
substances.  If  the  water  be  heated  in  a  separate  vessel,  and 
il  a  large,  quiet  chamber  be  provided  for  the  reception  of  the 
heated  water,  a  considerable  quantity  of  matter  in  mechanical 
suspension  will  settle  at  the  bottom  of  the  chamber,  in  addi- 
tion to  the  matter  precipitated  by  becoming  insoluble.  Puri- 
fication by  heat  is  especially  adapted  to  river  and  lake  waters. 

42.  A  Buffalo  feedwater  heater  and  purifier,  which 
can  be  applied  to  any  boiler,  is  shown  in  Fig.  17.  The  feed- 
pumps deliver  their  water  through  the  pipe  e  and  check-valve  / 
into  the  top  of  the  heater.  The  entering  feedwater  strikes 
against  the  top  head;  the  solid  stream  of  water  is  thus  broken 
up.  It  now  flows  in  a  zigzag  course  over  the  edges  of  the 
spray  disks  ^,^,  being  thus  spread  out  into  large,  thin  sheets, 
which  readily  absorb  the  heat  of  the  live  steam  with  which 
the  spray  chamber  is  filled  and  which  is  admitted  through  d. 
The  highly  heated  water  falls  to  the  bottom,  and  passing 
around  the  division  plate  /  and  deflector  plate  m,  rises  in  the 
settling  chamber  a.  Thence  it  passes  into  the  feedpipe  c. 
The  feedwater  being  heated  to  almost  the  same  temperature 
as  that  in  the  boiler,  the  scale-forming  substances  precipitate 
and  collect  at  the  bottom  of  the  settling  chamber,  whence 
they  can  be  removed  by  opening  the  blow-off  valve  /. 
Nearly  all  foreign  matter  in  mechanical  suspension  also 
collects  in  this  settling  chamber,  and  is  removed  with  the 
scale-forming  substances.  The  impurities  that  have  a  smaller 
specific  gravity  than  water  rise  to  the  top  of  the  settling 
chamber  and  float  on  the  water.  By  extending  the  equali- 
zing pipe   /,  which  forms  the  feed-outlet   from   the  heater, 
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below  the  surface  of  the  water,  the  floating  impurities  are 
prevented  from  entering  the  feed-outlet.  The  heater  should 
be  placed  above  the  boilers;  the  water  will  then  flow  into  the 
boilers  by  gravity.  To  prevent  the  water  in  the  boilers  from 
backing  up  into  the  heater  when  the  blow-off  of  the  heater 
is  opened,  an  automatic  shut-off  valvp,  which  is  simply  a 


special  form  of  check-valve,  is  supplied.  This  valve  is 
placed  in  the  feedpipe  between  the  heater  and  the  boilers. 
Under  ordinary  working  conditions,  it  is  sufficient  to  blow 
out  the  heater  once  every  6  hours.  Siphonage  through  t  is 
prevented  by  the  equalizing  tube  i,  which  is  open  on  top,  and 
insures  equal  pressures  inside  of  c  and  the  heater  at  all  times. 
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PURirYING    BY    CHEMICAL    MEANS 

43.  When  sea-water  is  mixed  with  the  feedwater  of  sur- 
face condensing  engines,  the  corrosive  effect  of  the  chloride 
of  magnesium  thus  admitted  can  be  neutralized  by  using  the 
ordinary  unslaked  lime  of  commerce.  The  lime  converts 
the  chloride  of  magnesium  into  magnesia  and  chloride  of 
calcium,  neither  of  which  is  corrosive. 

When  starting  with  new  boilers,  it  is  recommended  that 
10  pounds  of  lime  be  placed  in  the  boilers  for  every  thousand 
indicated  horsepower  on  the  first  day.  For  the  next  6  days' 
continuous  steaming,  use  about  5  pounds  of  lime  for  every 
thousand  indicated  horsepower.  When  the  boilers  are  exam- 
ined at  the  expiration  of  this  time,  they  should  have  a  thin 
coating  of  lime  scale  all  over  the  inside.  If  this  is  not  the 
case,  the  use  of  lime  should  be  continued.  Mix  the  finely  pow- 
dered lime  in  the  proportion  of  1  pound  of  lime  to  a  gallon  of 
water,  thus  making  the  so-called  **milk  of  lime.**  Introduce  it 
into  the  hotwell  in  any  convenient  manner  in  small  quantities. 

It  is  a  good  plan  to  use  lime  continuously  to  prevent  cor- 
rosion. About  1  pound  of  lime  per  day  for  each  thousand 
horsepower  is  usually  sufficient. 

44.  Feedwater  taken  from  rivers  and  lakes  often  contains 
much  carbonate  of  lime  or  sulphate  of  lime,  or  both.  Water 
containing  carbonate  of  lime  may  be  treated  with  caustic  soda, 
which  precipitates  the  carbonate  of  lime  and  leaves  carbonate 
of  soda,  which  is  harmless.  For  every  100  grains  of  carbon- 
ate of  lime  80  grains  of  caustic  soda  should  be  added. 

45.  Sal  ammoniac  is  sometimes  added  to  water  contain- 
ing carbonate  of  lime  and  will  cause  the  latter  to  precipitate. 
Its  use  is  not  advisable,  however,  on  account  of  the  danger 
of  the  formation  of  hydrochloric  acid,  which  will  attack  the 
boiler.  The  formation  of  this  acid  is  due  to  an  excessive 
quantity  of  sal  ammoniac  having  been  used. 

46.  While  slaked  lime  will  precipitate  carbonate  of 
lime,  it  will  have  no  effect  on  sulphate  of  lime,  and  water 
containing  the   latter,   either  alone   or  in  conjunction   with. 
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carbonate  of  lime,  must  be  treated  with  other  chemicals.  The 
most  available  ones  for  water  containing  both  are  carbonate 
of  soda  and  caustic  soda.  These  are  often  fed  into  the 
boiler  and  will  precipitate  the  carbonate  of  lime  and  sulphate 
of  lime  there,  requiring  the  sediment  to  be  blown  out  or 
otherwise  removed  periodically. 

47.  The  action  of  caustic  soda  on  carbonate  of  lime  and 
sulphate  of  lime  in  water  containing  both  these  ingredients 
is  as  follows:  The  soda  precipitates  the  carbonate  of  lime, 
and  in  so  doing  carbonate  of  soda  is  formed,  which,  in  turn, 
combines  with  the  sulphate  of  lime,  precipitating  it  in  the 
form  of  carbonate  of  lime,  and  in  so  doing  forming  sulphate 
of  soda,  which  is  very  soluble  and  harmless  and  may  long 
be  neglected. 

48.  When  treating  water  containing  carbonate  of  lime 
and  sulphate  of  lime,  caustic  soda  may  be  used  either  by 
itself  or  in  combination  with  carbonate  of  soda,  depending 
on  the  relative  proportions  of  carbonate  of  lime  and  sulphate 
of  lime  present  in  the  water.  The  amount  of  caustic  soda 
or  carbonate  of  soda  to  be  used  per  gallon  of  feedwater,  of 
231  cubic  inches,  can  be  found  as  follows: 

Rule  I. — Multiply  the  Jiumber  of  grains  of  carbonate  of  lime 
Per  gallon  by  1,36,    If  this  product  is  greater  than  the  7tumberof 
grains  of  sulphate  of  lime  per  gal  lo7t,  only  caustic  soda  is  to  be  used. 
To  find  the  quantity  of  caustic  soda  required  per  gal  Ion  y  multi- 
ply the  number  of  grains  of  carbonate  of  lime  in  a  gallon  by  .8, 

Rule  II. — Multiply  the  number  of  grains  of  carbonate  of 
lime  per  gallon  by  1,36,  If  this  Product  is  less  than  the  mimber 
of  grains  of  sulphate  of  lime  Per  gallon,  take  the  difference  and 
multiply  it  by  ,78  to  obtaiyi  the  number  of  grains  of  carbonate  of 
soda  required  Per  gallon.  To  find  the  amount  of  caustic  soda 
required  per  gallon y  multiply  the  Jiumber  of  grains  of  carbonate 
of  lime  in  a  gallon  by  ,8, 

Example. — A  quantitative  analysis  of  a  certain  feedwater  shows  it 
to  contain  23  grains  of  sulphate  of  lime  and  14  grains  of  carbonate  of 
lime  per  gallon;  how  much  caustic  soda  and  carbonate  of  soda  should 
be  used  per  gallon  to  precipitate  the  scale-forming  substances? 
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Solution. — By  rule  1, 14  X  1.36  =  19  gr.  Since  this  product  is  less 
than  the  number  of  grains  of  sulphate  of  lime  per  gallon,  rule  II  is  to 
be  used.  Applying  rule  II,  it  is  found  that  (23  -  19)  X  .78  =  3.12  gr. 
of  carbonate  of  soda,  and  14  X  .8  =  11.2  gr.  of  caustic  soda  are 
required.    Ans. 

49.  Water  containing  sulphate  of  lime,  but  no  carbonate 
of  lime,  may  be  treated  with  carbonate  of  soda.  The 
amount  of  the  latter  that  is  required  per  gallon  to  precipi- 
tate the  sulphate  of  lime  is  found  by  multiplying  the  number 
of  grains  per  gallon  by  .78. 

50.  When  using  soda,  it  is  well  to  keep  in  mind  that  it 
will  not  remove  deposited  lime  from  the  inside  of  a  boiler. 
All  that  the  soda  can  do  is  to  facilitate  the  separating  of  the 
lime;  i.  e.,  cause  it  to  deposit  in  a  soft  state.  This  sediment 
must  be  removed  periodically. 

51.  For  decomposing  sulphate  of  lime,  tribasic  sodium 
phosphate,  more  commonly  known  as  trisodium  phosphate, 
is  often  used.  This  is  claimed  to  act  on  the  sulphate  of 
lime,  forming  sulphate  of  sodium  and  phosphate  of  lime, 
the  former  of  which  remains  soluble  and  is  harmless,  while 
the  latter  is  a  loose,  easily  removed  deposit.  Trisodium 
phosphate  also  acts  on  carbonate  of  lime  and  carbonate  of 
magnesia,  forming  phosphate  of  lime  and  phosphate  of 
magnesia,  at  the  same  time  neutralizing  the  carbonic  acid 
released  from  the  carbonate  of  lime  and  magnesia,  and  the 
sulphuric  acid  released  from  the  sulphates. 

52.  Acid  water  can  be  neutralized  by  means  of  an  alkali, 
soda  probably  being  the  best  one.  The  amount  of  soda  to 
be  used  can  best  be  found  by  trial,  adding  soda  until  the 
water  will  turn  red  litmus  paper  blue. 


TESTING    WATER 

53.  A  quantitative  analysis  of  feedwater  can  be  made 
only  by  an  expert  chemist  having  a  well-appointed  laboratory 
and  the  proper  apparatus;  a  qualitative  analysis  for  the  most 
common  impurities  can  be  easily  made,  however,  with  the 
aid  of  chemicals  procurable  in  almost  any  drug  store.     Such 
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an  analysis  will  show  what  kinds  of  impurities  are  present, 
but  will  not  show  the  amounts. 

It  is  a  good  plan  to  test  the  feedwater  and  also  the  water 
in  the  boiler  occasionally  for  corrosiveness.  This  may  be 
done  by  placing  a  small  quantity  in  a  glass  tumbler  and 
adding  a  few  drops  of  methyl  orange.  If  the  sample  of 
water  is  acid,  and  hence  corrosive,  it  will  turn  pink.  If  it  is 
alkaline,  and  hence  harmless,  it  will  be  yellow.  The  acidity 
may  also  be  tested  by  dipping  a  strip  of  blue  litmus  paper 
into  the  water.  If  it  turns  red,  the  water  is  acid.  This 
method  is  not  as  sensitive  as  the  previous  one,  which  should 
be  used  in  preference.  If  litmus  paper  is  kept  in  stock,  it 
should  be  kept  in  a  bottle  with  a  glass  stopper,  as  exposure 
to  the  atmosphere  will  deteriorate  the  paper.  If  the  water 
in  the  boilers  has  become  corrosiye  and  corrosion  has  set  in, 
the  water  in  the  gauge  glass  will  show  red  or  even  black. 
As  soon  as  the  color  is  beyond  a  dirty  gray  or  straw  color, 
it  is  advisable  to  introduce  lime  or  soda  to  neutralize  the  acid. 

To  test  for  carbonate  of  lime,  pour  some  of  the  water  to 
be  tested  into  an  ordinary  tumbler.  Add  a  little  ammonia 
and  ammonium  oxalate;  then  heat  to  the  boiling  point.  If 
carbonate  of  lime  is  present,  a  precipitate  will  be  formed. 

When  testing  for  sulphate  of  lime,  pour  some  of  the  feed- 
water  into  a  tumbler  and  add  a  few  drops  of  hydrochloric 
acid.  Add  a  small  quantity  of  a  solution  of  barium  chloride 
and  slowly  heat  the  mixture.  If  a  white  precipitate  is 
formed  that  will  not  redissolve  when  a  little  nitric  acid  is 
added,  sulphate  of  lime  is  present. 

When  making  a  test  for  organic  matter,  add  a  few  drops 
of  pure  sulphuric  acid  to  the  sample  of  water.  To  this  add 
enough  of  a  pink-colored  solution  of  potassium  permanga- 
nate to  make  the  whole  mixture  a  faint  rose  color.  If  the 
solution  retains  its  color  after  standing  a  few  hours,  no 
organic  substances  are  present. 

Matter  in  mechanical  suspension  may  be  tested  for  by 
keeping  a  tumblerful  of  the  feedwater  in  a  quiet  place  for  a 
day.  If  sediment  is  present  in  the  tumbler,  there  is  mechan- 
ically suspended  matter  in  the  water. 
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FKKD WATER    HEATING 


ECONOMY 

54.  It  is  important  that  the  feedwater  should  be  intro- 
duced into  the  boiler  at  as  high  a  temperature  as  possible. 
The  advantages  of  hot  feedwater  are:  (1)  The  avoidance  of 
the  strains  produced  by  the  unequal  expansion  of  the  plates 
of  the  boiler  by  the  introduction  of  cold  feedwater;  (2)  the 
saving  of  fuel  eflfected  by  the  higher  temperature  of  the  feed- 
water.  In  order  that  there  will  be  a  direct  saving  of  fuel,  it 
is  necessary  that  the  heat  used  for  heating  the  feedwater  be 
taken  from  some  source  of  waste;  the  principal  ones  being  the 
waste  furnace  gases  and  the  exhaust  steam  from  the  engine. 
When  the  feedwater  is  heated  in  an  apparatus  that  utilizes  the 
heat  from  the  exhaust  steam,  or  from  live  steam,  it  is  called 
a  feedivater  heater,  which  may  be  installed  either  in  the 
engine  room  or  fireroom,  as  most  convenient.  When  the  feed- 
water  is  heated  by  waste  gases  from  the  furnaces,  the  heater 
is  called  an  economizer,  and  it  is  placed  in  the  flue  between 
the  boilers  and  the  stack.  Economizers  have  not  been  suc- 
cessfully applied  to  marine  boilers  as  yet,  except  in  connec- 
tion with  some  of  the  pipe  boilers,  their  great  weight,  the 
space  occupied  by  them,  and  the  cost  of  up-keep  being  greater 
disadvantages  than  the  benefits  derived  from  their  use. 

Feedwater  heaters  as  used  with  condensing  engines  utilize 
some  of  the  heat  in  the  exhaust  steam  from  the  auxiliary 
engines,  steam  pumps,  etc.  only;  the  exhaust  steam  from 
the  main  engine  going  to  the  condenser.  On  modern  ocean 
steamers,  the  auxiliary  engines,  steam  pumps,  etc.  will  fur- 
nish an  ample  supply  of  exhaust  steam  to  heat  the  feedwater 
to  near  the  boiling  point.  Feedw^ater  heaters  applied  to 
non-condensing  engines  utilize  some  of  the  heat  of  the 
exhaust  steam  from  the  main  engines,  which  would  other- 
wise go  to  waste. 

55.  The  economy  of  using  hot  feedwater  may  be  shown 
by  a  simple  calculation.     Suppose  that  a  boiler  is  required  to 
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furnish  steam  at  145  pounds  gfauge  pressure  (160  pounds, 
absolute)  and  that  the  feedwateris  introduced  into  the  boiler 
from  a  condenser  at  a  temperature  of  100°  F.  The  number 
of  British  thermal  units  required  to  change  a  pound  of  water 
at  100°  F.  into  steam  at  145  pounds  gauge  pressure  is,  from 
the  Steam  Table,  about  1,125.  Now,  suppose  that  the  feed- 
water  was  passed  through  a  heater  and  it?  temperature  raised 
to  210°  F.,  at  which  temperature  it  enters  the  boiler,  instead 
of  at  100°  F.,  as  before.  Then  the  number  of  British  ther- 
mal units  gained  thereby  are  210  —  100  =  110,  and  the  gain 

110 
in  per  cent,  is  :—r—  =  .978  =  9.78  per  cent.     Every  increase 

1,125 
of  10°  F.  in  the  temperature  of  feedwater  effects  a  saving  of 
approximately  1  per  cent,  of  fuel. 


CONSTRUCTION    OF    FEEDWATER    HEATERS 

56.  A  Blake  marine  feedivater  heater  is  illustrated 
in  Fig.  18.  It  is  constructed  on  what  is  known  as  the  jet 
system.  This  heater  consists  of  two  sections  a  and  b, 
designated  as  the  upper  chamber,  and  the  receiver.  The 
feedwater  and  the  exhaust  steam  from  the  auxiliary  engines, 
steam  pumps,  etc.  are  brought  together  in  the  upper  cham- 
ber by  means  of  the  spray  cone  c,  which  is  adjustable 
from  the  outside  by  the  hand  wheels  d^d^  In  the  upper 
chamber,  the  heat  of  the  steam  is  quickly  absorbed  by  the 
feedwater.  The  water  then  falls  to  the  receiver  below, 
where  it  is  allowed  to  accumulate  only  in  sufficient  quantity  to 
operate  the  float  ^,  which,  by  means  of  the  levers,  rods,  etc. 
shown,  controls  the  steam  throttle  valve  /  that  supplies  steam 
to  the  feed-pump.  This  valve  is  balanced  and  regulates  the 
speed  of  the  pump  in  a  positive  manner.  The  feedwater  is 
pumped  up  from  the  hotwell  tank  into  the  upper  chamber 
of  the  heater  through  the  feedwater  inlet  ^,  the  water 
spraying  through  the  adjustable  cone  into  the  dome  of  the 
heater.  After  passing  through  the  spray  nozzle  in  the  form 
of  a  thin  sheet,  the  water  is  still  further  atomized  by  two  per- 
forated baffle  plates.     The  exhaust  steam  from  the  auxiliary 
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eneines,  steam  pumps,  etc.  enters  the  heater  by  the  steam- 
exhaust  inlet  nozzle  h  through  the  automatic  check-valve  /. 


This  check-valve  is  provided  with  a  dashpot  /  on  its  upper 
side.     The  amount  of  cushion  for  the  dashpot  is  adjustable 
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from  the  outside  by  means  of  the  hand  wheels  k,  k'.  This 
heater  is  also  provided  with  the  air  valve  /  for  allowing  the 
air  and  uncondensed  vapors  to  pass  from  the  top  of  the  heater 
to  the  surface  condenser.  The  safety  valve  w,  also  located 
on  the  top  of  the  heater,  can  be  set  at  any  pressure  desired — 
usually  the  pressure  carried  in  the  low-pressure  receiver  of 
the  main  engine.  The  usual  practice  is  to  have  a  branch  pipe 
connecting  the  heater  with  the  receiver  of  the  low-pressure 
cylinder  of  the  engine,  so  that  any  surplus  exhaust  steam  from 
the  auxiliaries  not  condensed  by  the  feedwater  will  pass  to 
the  engine — or  vice  versa.  The  heater  is  also  provided  with 
steam-  and  water-pressure  gauges,  shown  at  n  and  «'.  The 
glass  water  gauge  o  shows  clearly  the  level  of  the  water  in 
the  receiver.  The  feedwater  outlet  to  the  pump  is  shown  at/. 
The  balanced  steam  throttle  valve  /  is  shown  as  being  placed 
alongside  of  the  heater,  but  it  is  very  desirable  to  have  this 
valve  located  as  near  the  feed-pump  as  possible  and  con- 
nected to  the  ball-float  lever  by  suitable  rods,  etc. 

The  advantage  claimed  for  this  heater  is  the  presence  of  the 
receiving  chamber  referred  to.  This  receiver  acts  as  a  reser- 
voir, in  which  the  water  comes  to  rest,  frees  itself  from  vapors, 
and  maintains  a  steady,  even  level,  so  that  the  ball  float  gov- 
erning the  speed  of  the  feed-pump  moves  slowly  and  with  the 
least  oscillating  movement,  thus  avoiding  the  uneven  motion 
to  which  other  forms  of  heaters  are  liable.  The  feed-pump  is, 
therefore,  prevented  from  entirely  draining  the  heater.  The 
ball  float  is  counterbalanced  by  the  counterweight  q,  and, 
owing  to  its  being  in  a  horizontal  chamber,  it  has  a  radius  of 
action  not  possible  in  a  vertical  cylinder  of  reasonable  size. 

57.  The  heaters  shown  in  -connection  with  the  doctor, 
illustrated  in  Fig.  3,  are  known  as  open  heaters  from  the  fact 
that  the  part  of  the  heater  which  contains  the  feedwater  is 
open  to  the  atmosphere  through  the  exhaust  pipe.  Such 
open  heaters,  used  only  with  non-condensing  engines,  are 
objected  to  by  some  engineers  on  the  ground  that  the  oil 
used  in  the  cylinders  is  carried  into  the  heaters  by  the  exhaust 
steam,  and  that  consequently  at  least  some  of  it  mixes  with 
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the  feedwater  and  is  carried  into  the  boilers,  where  it  deposits 
on  the  plates.  It  cannot  be  denied  that  this  is  true  to  some 
extent,  but  since  river  water  is  usually  very  muddy,  the  boilers 
must  be  frequently  cleaned  on  account  of  the  mud  deposited; 
the  oil  carried  in  is  then  removed  with  the  mud. 

However,  to  overcome  this  objection,  closed  feedwater 
heaters  have  been  designed.  In  these  the  feedwater  passes 
through  a  closed  •  system  of  pipes  under  pressure,  is  not 
exposed  to  the  atmosphere  at  all  during  its  passage  from  the 
suction  pipe  of  the  pump  to  the  boilers,  and  does  not  come 
in  contact  with  the  exhaust  steam.  Hence,  in  the  closed 
feedwater  heater  no  oil  can  mix  with  the  water. 

58.  One  design  of  a  closed  feedwat/er  heater  for  non- 
condensing  engines,  as  used  fre<^uently  on  steamboats  navi- 
gating the  western  rivers  of  the  United  States  of  America, 
is  shown  in  Fig.  19.  The  heater  consists  of  a  cylindrical 
wrought-iron  or  steel  shell  a,  to  the  ends  of  which  angle-iron 
rings  are  riveted.  The  tube  sheets  b,  V  and  cast-iron  heads 
f ,  d  are  bolted  to  these  rings.  Tubes  d,  d  are  expanded  into 
the  tube  sheets  so  as  to  form  steam-tight  and  water-tight 
joints.  The  exhaust  steam  from  the  engine  enters  the 
nozzle  e  and  leaves  the  heater  through  the  nozzle  /.  It  sur- 
rounds the  tubes  and  heats  the  feedwater,  which  enters 
through^  and  leaves  at  h.  The  plate  i  serves  to  distribute 
the  entering  feedwater.  Any  condensed  exhaust  steam  is 
carried  off  through  the  pipe  k  attached  to  the  bottom  of  the 
heater;  the  water  side  of  the  heater  can  be  emptied  through 
a  pipe  attached  at  /.  This  style  of  heater  is  not  adapted  to 
a  doctor  of  the  description  given,  a  pump  that  will  simply 
force  the  water  through  the  heater  being  all  that  is  required. 
This  pump  handles  cold  water  only,  inasmuch  as  the  water 
is  heated  after  it  leaves  the  delivery  side  of  the  pump. 

The  rules  of  the  Board  of  Supervising  Inspectors  provide 
that  the  feedwater  for  a  boiler  used  in  connection  with  a 
non-condensing  engine  shall  not  be  admitted  at  a  lower  tem- 
perature than  180°  F.  Hence,  the  necessity  of  employing  a 
heater  on  river  steamers  will  be  apparent. 
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FEEDWATER 


liOSS  OF  FEEDWATER 


ORDINARY    MEANS    OF    MAKING    UP    L.088 

1.  When  a  surface  condenser  is  used,  a  certain  amount 
of  water  is  evaporated  into  steam  in  the  boiler,  turned  into 
water  again  in  the  condenser,  taken  from  there  to  the 
boiler  and  reconverted  into  steam,  used  once  more  in  the 
engine,  again  exhausted  into  the  condenser,  and  so  on.  It 
will  be  seen  that,  if  there  were  no  loss  through  leakage  and 
in  other  ways,  the  same  water  could  be  used  over  and  over 
again,  no  further  supply  being  needed.  But,  as  a  matter  of 
course,  there  is  always  a  certain  amount  of  leakage  going  on, 
in  the  piping  conveying  the  steam  to  the  engines,  in  the 
engines  themselves  (at  the  glands,  etc.),  and  in  the  feed- 
pumps and  piping.  Besides  this,  there  is  the  loss  due  to 
blowing  the  whistle  and  to  steam  used  in  the  various  auxiliary 
engines  that  do  not  exhaust  into  a  condenser.  All  these 
losses  must  be  made  good.  This  loss  of  water  may  be 
discovered  by  watching  the  water  gauge  of  the  boiler. 
Should  the  water  gradually  become  less  in  the  boiler,  with 
the  feed-pumps  operating  properly,  it  shows  that  there  is  a 
deficiency  of  water  in  the  hotwell. 

The  most  common  way  of  makings  up  for  the  loss  consists 
in  connecting  the  water  end  of  the  condenser  with  the  steam 
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end  of  the  condenser  by  means  of  a  U-shaped  pipe.  This 
pipe  has  a  valve  or  cock  in  it,  which  is  opened  whenever  an 
additional  amount  of  feedwater  is  required,  and  is  allowed 
to  remain  open  for  a  certain  length  of  time.  Some  of  the 
cooling  watet  will  flow  into  the  steam  side  of  the  condenser 
and  mingle  with  the  condensed  steam.  The  arrangement 
described  is  known  as  the  salt  feed* 

When  a  ship  is  fitted  with  ballast  tanks  filled  with  fresh 
water,  a  smaU  pipe  provided  with  a  stop-valve  may  connect 
the  inside  of  the  condenser  with  the  tanks.  In  this  case, 
when  the  st&p-valve  is  opened,  the  pressure  of  the  air  forces 
the  water  in  the  tanks  into  the  condenser,  there  being  a  partial 
vacuum  within  it* 

BVAPOBATOB8 

2«  Purpose* — In  modem  sea-going  vessels,  especially 
if  intended  for  long  runs,  the  loss  of  feedwater  is  usually 
made  up  by  means  of  an  apparatus  called  an  evaporator, 
which  converts  sea-water  into  fresh  water  by  evaporating  it 
and  condensing  the  steam.  Since  the  solid  matter  contained 
in  sea-water  cannot  be  vaporized  at  the  same  temperatures 
at  which  water  can  be  transformed  into  steam,  the  condensed 
steam  from  sea-water  is  pure  if  condensed  in  a  separate  ves- 
sel, as  the  impurities  are  left  in  the  vessel  in  which  the  sea- 
water  is  evaporated.  While  the  water  from  an  evaporator  is 
pure  or  fresh,  it  is  not  well  adapted  for  drinking  purposes, 
except  in  an  emergency,  it  having  a  peculiarly  flat  and  bitter 
taste.    It  is  eminently  suitable,  however,  for  boiler  feeding. 

8*  Construction. — Three  views  of  one  form  of  the 
Baird  evaporator,  which  is  largely  used  in  American  sea- 
going steamships,  are  shown  in  Fig.  1.  Like  reference 
letters  refer  to  like  parts  in  the  several  views.  The  construc- 
tion of  this  evaporator  is  as  follows:  The  vertical  cylindri- 
cal vessel  a,  closed  at  both  ends,  is  provided  with  a  coil  ^, 
made  up  of  a  number  of  boiler  tubes  bent  into  U  shape  and 
with  their  ends  expanded  into  the  tube-sheet  c.  There  are 
two  nests  of  these  tubes,  one  above  the  other.    The  dished 
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cover,  or  bonnet,  d  is  bolted  over  the  tube-sheet,  and  has 
partitions  in  it,  causing  the  steam  that  enters  the  space  e 
through  the  steam  pipe  /,  which  is  provided  with  a  stop- 
valve  gy  to  flow  through  the  coil  in  the  zigzag  path  indicated 
by  the  arrow  x.  The  steam  condensed  in  the  coil  leaves 
through  the  pipe  h  provided  with  a  globe  valve.  The  sea- 
water  admission  pipe  /,  provided  with  a  globe  valve  i\  may 
be  connected  either  at  k  or  >^,  the  unused  opening  being 
closed  by  a  plug.  The  sea-water  entering  through  t  passes 
into  a  pipe  /  provided  with  a  cross  and  two  short  pieces  of 
pipe  nty  w,  closed  at  their  ends  and  perforated  at  the  bottom, 
through  which  perforations  the  water  passes  to  the  bottom 
of  the  inside  of  the  shell  a.  A  blow-off  pipe  leading  over- 
board, and  serving  to  empty  the  shell  a,  may  be  attached  to 
nozzle  n  or  n\  as  may  be  most  convenient.  A  steam  gauge  o 
is  connected  with  the  coil  d,  and  a  combined  steam  and  vacuum 
gauge  p  connects  to  the  inside  of  the  shell  a,  A  glass  water 
gauge  g  shows  the  water  level  in  the  shell.  A  large  vapor 
pipe  r,  fitted  with  a  rose  s,  connects  the  inside  of  the  shell 
with  the  condenser;  it  is  provided  with  a  stop-valve  /.  The 
nests  of  tubes  can  be  removed  bodily  for  cleaning  by  unscrew- 
ing the  nuts  on  the  studs  holding  the  tube-sheet  c  and  bon- 
net d  in  place,  and  then  withdrawing  the  nest  from  the  shell. 

4,  The  operation  of  the  evaporator  is  as  follows:  The 
stop-valve  /  is  opened,  thus  connecting  the  inside  of  the 
evaporator  with  the  steam  side  of  the  condenser,  and  hence 
forming  a  vacuum  inside  the  shell  a.  The  salt-water  admis- 
sion valve  J  is  now  opened  and  sea-water  is  allowed  to  flow 
into  the  shell  until  the  coil  d  is  covered  to  a  depth  of  several 
inches,  as  indicated  by  the  glass  water  gauge  /7,  when  j  is 
closed.  Live  steam  is  now  admitted  to  the  coil  by  opening 
the  valve  ^,  and  the  valve  in  the  drain  pipe  //,  which  pipe 
leads  to  a  device  that  permits  the  condensed  steam  to  drain 
from  the  coil  ^,  but  prevents  the  passing  of  steam.  The  live 
steam  heats  and  evaporates  the  sea-water  surrounding  the 
coil,  the  vapor  passing  to  the  condenser.  Since  the  water  in 
the  evaporator  is  subjected  to  a  very  low  pressure,  by  reason 
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of  the  shell  being  connected  to  the  condenser,  slightly  less 
heat  is  required  to  evaporate  the  sea-water  than  would  be 
the  case  otherwise.  This,  however,  is  merely  an  incidental 
advantage  of  connecting  the  evaporator  to  the  condenser, 
the  main  object  of  the  connection  being  the  condensation  of 
the  vaporized  sea-water  without  a  separate  apparatus.  The 
rate  of  evaporation  is  regulated  by  the  stop-valve  g^  partly 
closing  it  to  reduce  the  pressure  of  the  steam  and  hence  its 
temperature,  whereby  the  evaporation  rate  is  reduced.  The 
pressure  in  the  coil  is  indicated  by  the  steam  gauge  o.  When 
the  water  gauge  q  shows  that  most  of  the  sea-water  has  been 
evaporated,  more  is  admitted  by  opening  the  stop-valve  j. 
Owing  to  the  salt  and  the  other  scale-making  impurities  con- 
tained in  sea-water,  the  density  of  the  water  in  the  evapo- 
rator will  quickly  increase,  and  hence  the  evaporator  must  be 
blown  off  frequently.  This  is  done  by  first  closing  the  stop- 
valve  /,  which  causes  some  of  the  sea-water  to  be  evaporated 
into  steam;  the  pressure  soon  begins  to  rise,  as  shown  by  the 
gauge  p.  The  stop-valve  of  the  blow-off  pipe  n  is  opened 
when  a  sufficient  steam  pressure  has  been  reached,  and  the 
dense  water  in  the  evaporator  is  blown  out.  The  evaporator 
is  now  ready  for  a  fresh  charge  of  sea-water,  and  the  oper- 
ation may  be  repeated. 

5.  During  the  process  of  evaporating  the  sea-water,  a 
large  proportion  of  the  scale-making  impurities  in  the  water 
'will  be  precipitated  by  the  heat  and  will  adhere  tenaciously 
to  the  outside  of  the  tubes  in  the  form  of  scale.  This  scale, 
being  a  non-conductor  of  heat,  decreases  the  efficiency  of  the 
evaporator  as  it  accumulates  on  the  tubes,  and  hence  arises 
the  necessity  of  occasionally  removing  it  from  the  tubes. 
The  salt  will  remain  in  solution  in  the  water  until  the  water 
becomes  saturated  with  it,  after  which  it  will  deposit  in  the 
form  of  solid  salt  on  the  bottom  of  the  evaporator;  and  if  the 
process  were  allowed  to  continue  under  these  conditions  it 
would  eventually  fill  up  the  evaporator  solid  with  salt, 
rendering  the  apparatus  useless;  hence,  it  is  necessary  to 
blow  out  the  water  before  it  becomes  saturated. 
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It  will  be  obserred  that  there  are  two  soarces  of  freib> 
water  supply  from  this  evaporator:  (I)  the  water  of  eon* 
densation  from  the  steam  coil  b;  (3)  the  condensatioQ  of  the 
vapor  from  the  sea-water  that  paues  into  the  condenser 
throaeh  the  pipe  r.  The  water  from  both  sources  eventnally 
flows  to  the  hotwell  or  feed-tank,  whem:e  it  is  pomped  into 
the  boilers  as  make-up  feedwater. 

6.  An  important  part  of  the  evaporator  Is  a  device  called 
a  ateun  trap.  This  device  permits  the  water  formed  by 
the  condensation  of  the  steam  in  the  coil  6,  Pis.  1,  to  drain 


into  the  hotwell,  but  it  prevents  the  escape  of  steam,  thus 
holdiog  the  pressure  and  temperature  mside  the  coil,  and, 
consequently,  utilizing^  the  latent  heat  of  the  steam  m  vapor- 
izing sea-water  fed  to  the  evaporator  The  construction  of 
one  form  of  trap  is  shown  m  Fig  2  Inside  a  cast-iron 
chamber  is  a  lever  J^,  pivoted  at  //,  and  working  in  a  forked 
guide  Ji.  Attached  rigidly  to  the  lever  /',  is  a  hollow  copper 
ball  D,  known  as  a  tloat.  A  piston  valve  f/  is  attached  by 
the  link  C  to  the  lever  F.  The  valve  is  provided  with  four 
ports,  all  of  which,  at  a  certain  position  of  the  valve,  com- 
municate with  the  passage  in  the  valve  chamber  A*,  leading 
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to  the  drain  pipe  /,  which  communicates  with  the  hotwell. 
The  inlet  pipe  G  is  connected  to  the  drain  pipe  of  the 
evaporator.  When  steam  is  admitted  to  the  evaporator,  it 
flows  through  the  coil  into  the  drain  pipe,  thence  into  the 
steam  trap,  where  further  escape  is  prevented,  since  the  out- 
let to  the  drain  pipe  /  is  shut  oflE  by  the  valve  £/,  the  ball  D 
being  in  the  position  shown.  The  steam  in  the  coil  and  the 
trap  gradually  condenses,  the  water  gradually  collects  and 
rises  in  the  trap  and  lifts  the  ball  D  until,  by  means  of  the 
connections  shown,  the  valve  U  is  opened,  when  the  pressure 
of  the  steam  will  blow  a  certain  quantity  of  the  water  through 
the  four  passages  of  the  valve  into  the  valve  chamber,  and 
thence  into  the  drain  pipe  /.  The  ball  D  sinks  as  fast  as  the 
water  leaves  the  trap,  until  the  communication  to  the  drain  is 
shut  off,  when  the  water  will  again  collect  in  the  trap  and  the 
operation  will  be  repeated.  By  means  of  the  adjusting 
screw  A,  which  limits  the  drop  of  the  ball,  the  quantity  of 
water  discharged  may  be  regulated.  The  screw  By  forming 
a  stop  for  lever  /%  is  used  for  regulating  the  amount  of 
opening  of  the  valve. 

Steam  traps  are  made  in  a  variety  of  forms;  they  are  often 
used  on  the  return  pipes  of  the  steam-heating  systems  of 
steam  vessels  and  serve  the  same  purpose  as  the  one  used 
in  connection  with  the  evaporator. 

7.  The  Qulgrgrin  evaporator  is  illustrated  in  Fig.  3. 
Securely  bolted  to  the  inside  of  the  vertical  steel  shell  a,  in  the 
lower  portion,  are  two  annular,  composition  manifolds  ^,^, 
of  proper  thickness  to  withstand  the  usual  boiler  pressure. 
Connected  to  these  manifolds,  in  a  vertical  position,  are  the 
spiral-shaped  tinned-copper  heating  coils  c,  c.  The  coils  are 
interchangeable,  and  can  be  disconnected  in  a  few  minutes, 
when  required.  Owing  to  their  inherent  elasticity,  it  is  diffi- 
cult for  them  to  leak,  being  unaffected  by  irregular  expansion 
and  contraction.  If,  by  any  mishap,  the  feed  should  be 
stopped,  the  coils  will  not  be  damaged  by  becoming  exposed, 
and  no  harmful  results  to  the  evaporator  can  arise  from  inat- 
tention to  the  feed  or  from  overheating  the  coils.     Riveted 


MARINE-BOILER  FEEDING 


Sl6 


to  the  shell  are  two  manhole  frames,  or  a  large  door  with  a 
frame,  so  located  as  to  afford  ready  access  to  the  interior  for 
cleaning  purposes,  or  for  disconnecting  the  coils,  which  can 
be  done  by  means  of  an  ordinary  wrench.  Fitted  to  the  shell 
is  a  suitable  plate  of  rolled  zinc,  of  proper  area,  for  taking 
up  galvanic  action. 
The  shell  being  of 
the  vertical  type,  and 
having  an  abundance 
of  vapor  space  in  the' 
upper  portion,  pri- 
ming is  avoided. 

The  coils  c,e  in  the 
lower  part  of  the  shell 
receive  the  steam 
from  the  main  boilers, 
or  from  the  inter- 
mediate-pressure re- 
ceiver of  the  engine, 
through  the  upper 
manifold  b.  These 
coils  are  covered  to  a 
certain  height  by  sea- 
water,  wliich  is  fed 
into  the  evaporator 
by  means  of  a  small 
feed  or  donkey  pump, 
set  to  supply  the 
amount  of  water 
evaporated  and  to 
maintain  a  uniform 
feed-level  of  water  in 
''"''  *  the  evaporator.    This 

pump  takes  its  suction  from  the  discharged  circulating 
water,  thereby  getting  the  benefit  of  the  lieat  that  has 
been  given  up  by  the  exhaust  steam  in  condensing.  The 
steam  in  passing  through  the  coils  gradually  gives  up  its 
heat  to  the  water  surrounding   them,  and  converts   it  into 
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vapor.  By  the  time  the  steam  reaches  the  bottom  manifold  ^, 
it  has  given  up  all  its  heat  above  the  temperature  due  to  the 
pressure  carried  in  the  shell,  and  has  been  condensed  to 
water,  and  in  this  form  it  flows  to  an  automatic  steam  trap, 
thence  to  the  feed-tank  for  the  boilers.  The  vapor  arising 
from  the'surface  of  the  water  comes  in  contact  with  the  upper 
part  of  the  coils  and  is  thoroughly  dried,  and  any  spray  or 
priming  that  might  rise  through  too  violent  ebullition  is  thus 
prevented  from  passing  over  with  the  vapor  through  the 
valve  d  to  the  receiving  tank,  the  condenser,  or  the  low- 
pressure  receiver. 

The  constant  evaporation  of  the  water,  which  leaves  all 
the  solids  behind,  necessarily  causes  an  accumulation  of 
scale  on  the  heating  surfaces,  thus  gradually  reducing  their 
efficiency.  In  this  evaporator,  the  nature  of  the  heating  sur- 
face insures  the  cracking  off  of  most  of  the  scale  as  fast  as 
formed,  owing,  to  the  expansion  and  contraction  of  the  spiral 
coils  (the  tubing  of  which  has  a  crescent-shaped  cross-section) 
that  is  always  going  on.  The  scale  accumulates  in  the  bottom 
of  the  shell  and  is  readily  taken  out  through  the  lower  man- 
hole. If  any  of  the  scale  has  hardened  and  still  remains  on  the 
coil,  it  can  be  removed  by  blowing  off  the  hot  water  and  then 
turning  on  steam  to  the  coils,  thus  causing  a  sudden  expansion 
and  breaking  off  of  the  scale;  it  can  also  be  removed  by  stri- 
king the  coils  gently  with  a  stick  or  hammer  handle. 

This  evaporator  will  work  practically  automatically,  and 
only  requires  attention  to  be  given  to  the  blowing  off,  and 
an  occasional  look  at  the  feed-pump  to  see  that  it  is  not 
giving  too  much  feed.  It  is  nearly  useless  to  blow  out  for 
the  removal  of  sulphate  of  lime  scale.  This  will  form  any- 
how, and  the  more  water  blown  out  the  more  must  be  fed  in. 
But,  if  the  density  is  allowed  to  become  too  high,  there  will 
be  a  deposit  of  common  salt.  Blowing  out  will  prevent  this. 
Experience  has  shown  that  a  density  of  aV  may  be  safely 
carried.  A  higher  density  risks  the  deposit  of  salt,  and  a 
lower  one  means  greater  loss  of  heat. 

When  the  evaporator  is  required  for  making  up  boiler  feed 
only,  it  can  be  connected  to  the  main  exhaust  pipe  by  means 
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of  a  spring  regulating  valve,  which  is  supplied  for  the  pur- 
pose by  the  manufacturer. 

The  evaporator  is  fitted  with  all  the  valves,  gauges,  and 
fittings  necessary  for  its  efficient  operation.  These  comprise 
the  vapor-outlet  valve  d,  the  steam-inlet  valve  e\  the  drain 
valve  /,  and  the  blow-off  valve  g.  It  is  also  provided  with 
the  safety  valve  h,  a  pressure  gauge,  and  a  glass  water  gauge 
(not  shown  in  figure).        

SALT  MEASUREMENT  AND  REGUIiATION 


MEASUREMENT 

8.  Saturation. — Ordinary  sea-water  contains  on  an 
average  1  poimd  of  solid  matter,  about  three-quarters  of  which 
is  salt,  in  every  32  pounds  of  water.  If  sea-water  is  evapo- 
rated, the  solid  matter  held  in  solution  'in  the  water  remains; 
that  is,  if  32  pounds  of  sea-water  is  evaporated,  31  pounds 
of  steam  is  formed  and  1  pound  of  solid  matter  remains. 
Should  but  part  of  the  32  pounds  be  evaporated,  say 
16  pounds,  there  will  remain  16  pounds  of  salt  water  con- 
taining 1  pound  of  solid  matter.  Again,  if  one-half  of  this  is 
evaporated,  the  1  pound  of  solid  matter  will  still  be  contained 
in  the  remaining  8  pounds  of  salt  water.  Suppose  that  a 
vessel  contains  32  pounds  of  sea-water,  and  that  16  pounds 
of  water  is  evaporated,  and  there  remains  in  the  vessel 
16  pounds  of  water  containing  1  pound  of  solid  matter. 
Another  32  pounds  of  sea-water  is  put  into  the  vessel,  and 
the  same  number  of  pounds  are  evaporated.  It  is  evident 
that  there  is  now  2  pounds  of  solid  matter  contained  in  the 
16  pounds  of  water  that  is  left  in  the  vessel.  This  shows 
that  the  more  sea-water  is  added  and  evaporated,  the  more 
solid  matter  will  be  contained  in  the  water  remaining  in  the 
vessel.  This  is  exactly  what  takes  place  in  a  marine  boiler 
using  sea-water,  and  it  is  evident  that,  in  order  that  the 
contained  solid  matter  may  not  exceed  a  certain  amount,  a 
portion  of  the  water  must  be  occasionally  drawn  off  from  the 
boiler.  This  is  done  by  means  of  either  the  bottom  or  the 
surface  blow-off  cock,  and  is  termed  blowing  off. 
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The  term  saturation  is  used  to  denote  the  number  of 
pounds  of  solid  matter  in  every  32  pounds  of  water,  and  is 
usually  expressed  in  the  form  of  a  fraction.  Many  engineers 
use  the  term  density  instead  of  saturation.  For  instance, 
A  saturation  means  that  there  is  3  pounds  of  solid  matter 
in  32  pounds  of  water.  Fresh  water  at  sea  level  boils  at 
212°  F.,  but  if  solid  matter  is  added,  the  temperature  of  the 
boiling  point  will  be  raised.  In  Table  I,  the  boiling  points  of 
sea-water  at  different  degrees  of  saturation  are  given.  As 
water  will  boil  at  a  temperature  varying  with  the  pressure 
of  the  atmosphere,  the  boiling  points  given  in  the  table  are 
correct  for  but  one  pressure,  namely,  30  inches  of  mercury. 

TJiBTiE    I 
BOILING    POINTS    OF    SEA-WATBR 


Saturation 

Boiling  Point 

Saturation 

Boiling  Point 

Degrees  F. 

Degppees  F. 

A 

212.0 

A 

220.3 

tV 

213.2 

A 

221.5 

A 

214.4 

A 

222.7 

A 

215.5 

a 

223.8 

A 

216.7 

a 

225.0 

A 

217.9 

« 

226.1 

A 

219. 1 

At  a  saturation,  the  water  becomes  saturated;  that  is,  it 
will  not  dissolve  any  more  solid  matter. 

9.  Findinii:  Saturation  by  Thermometer. — It  will  be 
seen,  by  referring  to  Table  I,  that  the  boiling  point  rises 
about  1.2°  F.  for  every  pound  of  solid  matter  added.  It  has 
been  determined  that,  for  every  tenth  of  an  inch  variation  in 
the  height  of  the  barometer,  the  boiling  point  of  the  water 
varies  .16°  F.  If  the  height  of  the  barometer  is  less  than 
30  inches,  the  water  will  boil  at  a  lower  temperature  than 
given  in  Table  I.  For  instance,  if  the  height  of  the  barom- 
eter is  29  inches,  water  containing  ih  solid  matter  will  boil 
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at  214.4  -  10  X  .16  =  212.8°.  Conversely,  if  the  height  of 
the  barometer  is  30.4  inches,  the  same  water  will  boil  at 
214.4  +  4  X  .16  =  215.04°  F. 

Should  it  be  desired  to  find  the  saturation  of  the  water  in 
the  boiler,  some  water  is  drawn  from  it  into  an  open  vessel 
and  is  then  heated  to  the  boiling  point.  The  temperature  at 
which  it  boils  is  ascertained  by  means  of  a  thermometer,  and 
the  boiling  point  with  the  barometer  standing  at  30  inches 
is  calculated.  The  saturation  is  found  by  the  approximate 
rule  given  below: 

Rule. — To  find  the  degree  of  saturation  by  means  of  the 
thermometer^  subtract  212°  from  the^corrected  boiling  point  of  the 
water  tested  and  divide  the  remainder  by  1,2, 

Or,  5  =  ±^A^:^1 

1.2 

where  5  =  saturation; 

A  =  boiling  point  of  water  tested; 

B  =  product  of  number  of  tenths  of  an  inch  variation 
in  height  of  barometer  and  .16,  this  product  to 
be  subtracted  when  barometer  is  above  30 
inches,  and  to  be  added  when  below  30  inches. 

Example. — A  sample  of  water  boils  at  215.2°  F.,  the  height  of  the 
barometer  being  30.5  inches.     What  is  the  saturation  of  the  water? 

Solution. — Since  the  barometer  reading  is  above  30  in.,  the  value 

of  B  must  be  subtracted  from  that  of  ^^.     Substituting  values, 

_      (215.2  -  5  X. 16) -212      _,,       .      ...        ^^  a       .        .•  a 

S= o  —     =  2  lb.  of  solid  matter,  or  ^- saturation.  Ans. 

i.  .^ 

10.     Finding    Saturation     by     Hydrometer. — It     is 

evident  that  as  the  density  of  water  increases,  the  more 
solid  matter  there  is  dissolved  in  it,  and  consequently,  by 
measuring:  the  density  of  the  water,  the  amount  of  solid  mat- 
ter may  be  readily  found.  This  is  done  by  means  of  a 
liydroiiietor,  shown  in  Fi^.  4.  This  instrument  is  often 
called  a  salliionieter;  that  is,  a  salt  measurer,  as  it  is  used 
for  measuring  the  quantity  of  salt  contained  in  water.  It 
consists  of  a  g:lass  tube,  near  the  bottom  of  which  are  two 
bulbs.  The  lower  and  smaller  bulb  is  loaded  with  mercury 
or  shot,  so  as  to  cause  the  instrument  to  remain  in  a  vertical 
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position  when  placed  in  the  water.  The  upper  bulb  is  filled 
with  air,  and  its  volume  is  such  that  the  whole  instrument  is 
lig:hter  than  an  equal  volume  of  water.  Most  salinometers 
are  graduated  to  read  off  the  density  when  the  water  has  a 
temperature  of  200°  F.;  some  of  these  instruments,  however, 
have  three  scales,  one  each  for  190°  F.,  200°  F.,  and  210°  F. 

11.  A  salinometer  is  g^raduated  by  trial,  placing:  it  first 
in.fresh  water  having  the  temperature  at,  say,  200°  F.  The 
depth  to  which  the  instrument  sinks  in  the  water  is  marked  on 
the  glass  tube.  It  is  then  placed  in  water  having  the  same 
temperature  and  containing  sV  part  of  salt.  The  depth  to 
which  the  instrument  now  sinks  is  the  sea-water  mails,  and 
it  is  also  marked  on  the  tube.  This  operation  is 
repeated  with  water  containing  A,  A,  and  so  on 
up  to  a  part  of  salt,  always  taking  care  that  the 
temperature  of  the  water  is  exactly  200°  F.  The 
marks  on  the  tube  are  transferred  to  a  paper  scale, 
which  is  pasted  to  the  inside  of  the  tube  in  exactly 
the  same  position  as  the  marks  on  the  tube.  The 
distances  between  the  marks  are  usually  divided 
into  halves,  quarters,  and  eighths.  If  the  sali- 
nometer is  to  give  a  correct  reading  at  190°  F. 
or  210°  F.,  the  process  of  graduating  must,  of 
course,  be  carried  out  at  the  desired  temperature 
throughout.  Knowing  the  process  of  graduation, 
a  salinometer  can  be  improvised  out  of  a  piece  of  thin 
tubing,  a  tall  and  slender  bottle,  etc. 

12.  If  the  hydrometer  is  placed  in  a  vessel  containing 
some  water  drawn  from  the  boiler  and  having  a  temperature 
equal  to  that  at  which  the  instrument  was  graduated,  it  will 
sink  to  a  depth  corresponding  to  the  density  of  the  water, 
and  the  saturation  may  be  read  off  on  the  scale.  For 
instance,  if  the  hydrometer  sinks  to  the  2i  graduation  on  the 
scale,  it  means  that  there  is  2j  pounds  of  solid  matter  in 
every  32  pounds  of  water. 

Should  the  temperature  of  the  water  under  test  vary  from 
the  temperature  at  which  the  hydrometer  was  graduated,  the 
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indication  of  the  hydrometer  will  not  be  correct.  This  is 
due  to  the  difference  in  density  of  water  at  different  tem- 
peratures. Allowance  may  be  made  for  this  error  in  the 
following  manner:  The  indication  of  the  hydrometer  will 
vary  Vii  part  of  1  pound  of  solid  matter  for  every  degree  the 
temperature  of  the  water  varies  from  the  temperature  at  which 
the  hydrometer  scale  was  marked. 

Thus,  if  the  temperature  is  206°  F., 
a  hydrometer  graduated  at  200°  F.  will 
show  A  part  of  I  pound  of  solid  mat- 
ter less  than  there  really  is  in  the 
water.  For  instance,  the  temperature 
of  the  water  being  205°  F.,  and  the 
hydrometer  indicating  liS  pounds  of 
salt,  the  actual  amount  of  salt  will  be 
A  of  1  pound  more,  and  as  A  =  tV» 
lU  +  "A  =  2  pounds  will  be  the  actual 
saturation.  Also,  if  the  temperature 
of  the  water  is  less,  the  indication  of 
the  hydrometer  will  be  too  high.  For 
example,  the  temperature  of  the  water 
being  180°  F.,  and  the  hydrometer 
indicating  Zi  pounds,  the  indication 
will  be  IS  pound  too  high.  Subtract- 
ing 80  =  i  from  2i,  2  pounds  is  found 
to  be  the  true  amount  of  solid  matter 
in  every  32  pounds  of  the  water  drawn 
from  the  boiler. 

13.     For  convenience,  a  sallnom- 
''"■  *  eter  pot,    shown   in    Fig.    5,    is  com- 

monly used.  It  is  attached  to  the  boiler,  or.  should  there 
be  several  boilers,  it  is  put  up  in  the  engine  room  and 
connected  by  branch  pipes  with  each  boiler.  The  pot  con- 
sists of  two  cylindrical  brass  vessels,  one  of  larger  diam- 
eter than  the  other,  communicating  with  each  other  by 
a  passage  P  in  the  base  of  the  instrument.  A  removable 
cover  C  is  iitted  to  the  larger  vessel.     The  pipe  .-/  connects 
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with  the  water  space  of  the  boiler.  On  opening:  the  stop- 
valve  ay  water  flows  into  the  smaller  vessel  and  throug^h  the 
passag:e  P  into  the  larger  one.  The  water  is  prevented  from 
overflowing  by  the  overflow  pipe  O,  which  empties  below 
the  drain  valve  d  into  the  drain  pipe  D.  A  thermometer  T 
indicates  the  temperature  of  the  water.  If  the  temperature 
of  the  water  is  too  low,  the  stop- valve  a  is  opened  until  the 
desired  temperature  is  reached;  if  too  high,  the  water  is 
allowed  to  cool.  To  prevent  the  water  admitted  to  the  pot 
flying  upwards  and  scalding  the  attendant,  the  admission 
pipe  A'  is  turned  downwards,  as  shown.  Any  vapor  formed 
may  escape  through  the  perforated  top  B,  When  the  water 
in  the  larger  vessel  is  at  the  proper  temperature,  the  density 
is  ascertained  by  means  of  the  hydrometer,  and  then  the  pot 
is  drained  by  opening  the  drain  valve  d. 


REGULATION 

14.  It  is  evident  that,  to  keep  the  water  in  the  boiler  at 
a  certain  degree  of  saturation,  the  solid  matter  carried  with 
the  feedwater  into  the  boiler  in  a  stated  time  must  be 
removed  from  the  boiler  in  the  same  length  of  time;  that  is, 
the  number  of  pounds  of  feedwater  multiplied  by  the  amount 
of  solid  matter  in  1  pound,  must  equal  the  number  of  pounds 
of  water  blown  off  multiplied  by  the  amount  of  solid  matter 
in  1  pound. 

In  rules  I  and  II,  the  quantity  of  water  may  be  taken  in 
pounds,  tons,  gallons,  cubic  feet,  etc.,  but  it  is  absolutely 
necessary  to  use  the  same  denomination  throughout  the  cal- 
culation. 

Let  A  =  quantity  of  water  blown  off; 

B  =  saturation  of  A; 

C  =  quantity  of  feedwater; 

D  =  saturation  of  C; 

E  =  quantity  of  water  evaporated,  corresponding  to  C, 

Rule  I. — To  fiiid  the  quantity  of  water  to  be  bloivn  off  in  a 
stated   time,   divide   the  product  of  tfie  quantity  of  feedwater 
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admitted  in  thai  time  and  its  saturation  by  the  saturation  ot  the 
water  to  be  blown  oH. 

Or,  A^^ 

BxAMPLB  1. —  2,000  pounds  of  feedwator  enters  a  boiler  every  hour 
at  a  saturation  of  ih;  how  mnch  water  must  be  blown  off  every  hoar  to 
keep  the  saturation  at  A' 

SoLDTioir.^Applying  rule  I, 

^  »  ^'^^  *»  1,000  lb.    Ans. 

BxAMPLB  2. — How  much  water  must  be  blown  off  every  hour  to 
keep  the  saturation  at  At  when  48,000  gallons  of  sea-water,  at  a  satu- 
ration of  A*  is  f^  to  the  boiler  in  24  hours? 

Solution.— The  water  fed  per  hour  «  ^W^  "»  2,0Q0  gal.  Apply^ 
ing  rule  I, 

A.  ■■ -jr ^  666f  gal.    Ans. 

Bale  n. — To  find  the  quantity  oi  water  evaporated  into  steam 
for  a  given  quantity  oi  water  blown  oii^  divide  the  saturation 
of  the  water  blown  off  by  the  saturation  of  the  feedwater^  suIh 
tract  1  from  this  quotient  and  multiply  the  remainder  by  the 
quantity  of  water  bloum  off. 


Or. 


-(!-') 


ExABfPLB  3. — The  saturation  of  the  feedwater  being  ^,  how  much 
water  is  evaporated  into  steam  for  1  pound  of  water  blown  off  at 
A  saturation »  the  saturation  to  be  kept  constant? 

Solution.— Applying  rule  II, 


x(S-') 


1  lb.    Ans. 


Rule  III. — 71?  find  the  guaniiiy  of  water  blown  off  for  a 
given  quantity  evaporated^  divide  the  saturation  of  ike  water 
blown  off  by  the  saturation  of  the  feedwater^  and  subtract  1  from 
the  quotient.  Divide  the  quantity  of  water  evaporated  by  the 
remainder. 

Or.  A  =  ~^— 

D 
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ExAMPLB  4. — The  saturation  of  the  boiler  being  kept  at  A  And  the 
feed  water  being  at  -h*  how  much  water  must  be  blown  off  for  every 
pound  of  water  evaporated? 

Solution.— Applying  rule  III, 

A  =  -j- -B  i  lb.    Ans. 

The  total  feed  obviously  must  be  the  sum  of  the  water 
evaporated  and  the  water  blown  oflE,  in  order  to  keep  a  steady 
boiler  water  level.  Thus,  if  the  evaporation  is  6,000  pounds 
per  hour,  the  feed  water  atW,  and  the  boiler  worked  at  A  satu- 

ration,  the  amount  blown  off  per  hour,  by  rule  III,  is  -^ 

=  2,000  pounds,  and  the  total  feed  is  6,000  +  2,000  =  8,000 
pounds  per  hour. 

15.  It  was  formerly  the  practice  not  to  let  the  satura- 
tion of  the  water  in  the  boilers  exceed  A.  This  limit  to 
saturation  has,  however,  been  gradually  raised  to  W,  as  less 
scale-forming  matter  is  carried  into  the  boiler  at  that  density 
than  at  the  lower  one.  Furthermore,  with  the  water  in  the 
boiler  at  aV,  there  is  sufficient  difference  between  the  specific 
gravity  of  the  oil  or  grease  carried  in  by  the  feedwater,  even 
when  combined  with  some  of  the  carbonate  of  lime,  and  that 
of  the  boiler  water  to  insure  the  grease  and  oil  floating  on 
top,  whence  it  can  largely  be  removed  by  a  frequent  use  of 
the  surface  blow-off.  Since  much  less  scale-forming  material 
is  carried  into  the  boiler  at  a  high  density,  there  is  propor- 
tionately less  scale  formation. 

The  reason  that  less  scale-forming  material  is  carried  into 
the  boiler  when  the  water  is  at  a  high  density  is  that  less 
water  requires  to  be  blown  off  and  replaced.  Besides  this, 
there  is  the  additional  advantage  in  a  high  saturation  of  less 
waste  of  heat. 

16.  A  simple  calculation  will  show  that  less  solid  matter 
is  carried  in  at  a  high  saturation  than  at  a  low  one.  Suppose 
that  a  boiler  contains  100,000  pounds  of  sea-water  at  it« 
steaming  level,  and  evaporates  50,000  pounds  of  water  per 

I. 
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boor.  Let  sea-water  at  -iV  be  used  for  boiler  feeding:,  let  the 
saturation  be  kept  at  A.  and  let  the  steamin^r  period  be 
6  days  of  24  hours  each. 

At  the  beginnms:,  the  boiler  contains  "i>^^  »  8,125  pounds 
of  solid  matter.  To  brin^r  the  saturation  to  A,  100,000  pounds 
of  water  must  have  been  evaporated  and  replaced,  thus 
bringing:  in  8,126  pounds  more  of  solid  matter.  The  time 
required  to  brines  the  saturation  to  A  is  ^Mfifif-  «  2  hours, 
at  the  end  of  which  period  the  boiler  contains  8,126  +  8,125 
»  4,250  potmds  of  solid  matter.    By  rule  III,  Art.  14«  the 

quantity  blown  oflE  per  hour  is  v_'        »  50,000  pounds, 

Sivhig  a  total  feed  per  hour  of  50,000  +  50,000  «  100,000 

potmds,  which  brinsfs  in  ^^t?^^   =   8,125  pounds  of  solid 

matter.    In  6  days  there  is  6  X  24  »  144  hours,  of  which 

S  hours  was  consumed  in  bringin^r  the  saturation  to  A,  leav* 

ing  144  -  2  »  142  hours,  during  which  142  X  8,125  »  443,750 

pounds  of  solid  matter  is  carried  in.    The  total  solid  matter 

carried  in  during  144  hours  is  448,750  +  6,250  «  450,000 

pounds,  under  the  assumed  conditions. 

Now  consider  the  same  boiler  with  the  saturation  kept 

at  A.     To  bring  the  saturation  to  W,  the  water  has  to  be 

changed  four  times;  that  is,  100,000  X  4  =  400,000  pounds 

must  be  fed  in  and  evaporated,  leaving  behind  ^^^M^^  =  12,500 

pounds  of  solid  matter.     With  the  first  filling,  3,125  pounds 

was  carried   in.    The  time  required  to  evaporate  400,000 

pounds  of  water  is  VoSW  =  8  hours,  at  the  end  of  which 

period  the  boiler  contains  3,125  +  12,500  =   15,625  pounds 

of  solid  matter.     By  rule  III,  Art.  14,  the  quantity  blown 

50  000 
off  per  hour  is  -^ =  12,500  pounds,  giving  a  total  feed 

per  hour  of  50,000  + 12.500  =  62.500  pounds,  which 
brings  in  *W^  =  1,953.125  pounds  of  solid  matter.  This 
amount  is  carried  in  during  144  —  8  =  136  hours,  during 
which  time  136  X  1,953.125  =  265,625  pounds  of  solid 
matter  is  carried    in,   making   a   total    for   144    hours   of 
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265,625  +  15,625  =  281,250  pounds,  asfainst  450,000  pounds 
carried  in  when  the  saturation  is  kept  at  -fr^ 

17.  By  drawing  hot  water  from  the  boiler  and  makinfi: 
up  the  deficiency  with  colder  water,  a  certain  amount  of  heat 
is  lost.  The  amount  is  equal  to  the  difference  in  tempera- 
ture between  that  of  the  water  in  the  boiler  and  that  of  the 
feedwater.  For  instance,  if  the  temperature  of  the  water 
in  the  boiler  is  320°,  and  that  of  the  feedwater  180°,  then 
320°  -  180°  =  140°  will  be  the  amount  of  heat  lost.  This 
represents  the  number  of  British  thermal  units  lost  for  each 
pound  of  water  blown  off  and  replaced  with  a  pound  of 
cooler  water.  Knowing  this,  the  difference  in  the  loss  of 
heat  due  to  blowing  off  at  different  densities  can  be  found. 

To  keep  the  density  at  A,  by  rule  III,  Art.  14,  for  each 

1 
pound  of  water  evaporated  there  must  be  blown  off  -v- 

=  1  pound  of  water,  the  density  of  the  feedwater  being  "sV. 
If  the  feedwater  temperature  is  160°,  and  the  temperature 
in  the  boiler  300°,  the  loss  of  heat  per  pound  of  water 
evaporated  is  300  —  160  =  140  British  thermal  units.  All 
conditions  remaining  the  same  as  before  except  that  the 
saturation  in  the  boiler  is  kept  at  A,  the  water  blown  off  for 

each  pound  evaporated  is  -j- =  i  pound,  and  the  loss  of 

heat  per  pound  of  water  evaporated  is  140  X  i  =  35  British 
thermal  units.  This  shows  that  the  heat  lost  by  blowing  off 
is  reduced  by  carrying  a  high  density. 

18.  The  percentage  of  loss  of  heat  due  to  blowing  off 
is  found  as  follows: 

Rule. — To  find  the  percentage  of  loss  of  heat  due  to  blowing 
off^  divide  the  number  of  British  thermal  units  lost  in  blowing 
off  1  pound  of  water  by  the  stim  of  the  total  heat  (above  the  tern" 
Perature  of  the  feedwater)  imparted  to  the  amount  of  water  cou" 
verted  into  steam  for  1  pound  of  water  blown  off^  and  the  number 
of  British  thermal  units  lost  in  blowing  off  1  pound  of  water. 
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Or,  z:  = 


A  +  B 
where  L  =  percentage  of  heat  lost; 

A  =  total  heat  (reckoned  above  temperature  of  feed) 
imparted  to  amount  of  water  converted  into 
steam  for  1  pound  of  water  blown  off; 
B  =  number  of  British  thermal  units  lost  in  blowing: 
off  1  pound  of  water. 

ExAMPLB. — The  saturation  of  the  water  in  a  certain  boiler  is  to  be 
kept  at  ri't  the  temperature  of  the  feedwater  being  160°  P.,  its  satura- 
tion ^,  and  the  steam  pressure  90  pounds,  absolute,  what  will  be  the 
percentage  of  loss  due  to  blowing  off? 

Solution. —The  sensible  heat  of  steam  at  90  lb.  pressure  is 
320.094°  F.;  320.094°  -  160°  =  160.094°,  represents  the  difference  of 
temperature,  and  the  number  of  B.  T.  U.  lost  in  each  pound  of  water 
blown  off.  In  order  to  find  the  total  heat  mentioned  in  the  rule,  the 
amount  of  water  converted  into  steam  for  1  pound  of  water  blown  off 
has  first  to  be  found  from  rule  II,  Art.  14.  This  amount  is  found 
to  be  2  lb.  The  total  heat  above  32°  F.  of  a  pound  of  steam  at  90  lb. 
pressure  is  1,179.569  B.  T.  U.,  and  above  160°  F.  it  is  1,179.569 
-(160-32)  =  1,051 .569  B.T.U.  Consequently,  for  2  lb.  the  total  heat 
is  l,a51.569  X  2  =  2,103.138  B.  T.  U.  For  each  pound  of  water  blown 
off,  1  lb.  will  have  to  be  fed  into  the  boiler,  in  addition  to  the  amount 
evaporated,  and  the  amount  of  heat  carried  into  the  boiler  by  this 
pound  of  feedwater  must  be  added  to  the  total  heat.  Now,  substi- 
tuting the  values, 

160.094 


2,103.138+160.094 


=  .0707  =  7.07  per  cent.,  nearly.    Ans. 


EXAMPLES    FOR    PRACTICE 

1.  The  height  of  the  barometer  being  30.4  inches,  find  the  boiling 
point  of  water  having  a  saturation  of  A-  Ans.  218.54°  F. 

2.  A  sample  of  water  boils  at  216.7°  F.,  the  height  of  the  barometer 
being  30.3  inches;  find  the  saturation.  Ans.  %,• 

3.  A  salinoraeter  graduated  for  200°  F.  immersed  in  water  having 
a  temperature  of  208°  F.  indicates  3  pounds  of  salt;  correct  the  read- 
ing. Ans.  3.1  lb. 

4.  How  much  water  at  A  saturation  will  have  to  be  blown  off  to 
keep  the  saturation  constant,  the  saturation  of  tlie  feedwater  being  ^ftf, 
and  5,000  pounds  entering  the  boiler  every  hour?  Ans.  1,666.67  lb. 

5.  How  much  water  at  ^*f  is  evaporated  for  every  120  gallons  of 
water  blown  oil  at  i^?  Ans.  240  gal. 
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6.  Find  the  percentage  of  heat  lost  in  blowing  off  water  at  Ai  the 
steam  pressure  being  100  pounds,  absolute,  the  temperature  of  the 
feedwater  190°  F.,  and  its  saturation  •^.  Take  the  total  heat  of 
1  pound  of  steam  at  100  pounds  pressure,  absolute  and  above  32  F°,  as 
1181.866  British  thermal  units,  and  its  sensible  heat  as  327.625**  F. 

Ans.  4.29  per  cent.,  nearly. 


HEAT  TRANSFER  TO  WATER 


NATURAL,    CIRCULATION 

19.  The  transfer  of  heat  from  the  furnace  to  the  water 
in  the  boiler  is  accomplished  by  radiation,  conduction,  and 
convection.  It  is  estimated  that  when  the  fire  is  burning 
brightly,  about  one-half  of  the  heat  received  from  the  furnace 
by  the  boiler  is  radiated.  The  transfer  of  heat  through  the 
water  is  due  to  convection,  since  liquids  are  poor  conductors 
of  heat.  The  particles  of  water  next  to  the  shell  or  plate 
become  heated,  and  immediately  rise  into  the  main  body  of 
water,  giving  place  to  fresh  particles  of  cold  water.  This 
setting  up  of  a  current  by  the  action  of  heat  is  called  circu- 
lation. The  rapidity  with  which  heat  will  be  absorbed  by 
convection  depends  on  the  effectiveness  of  the  water  circu- 
lation in  the  boiler,'  and  on  the  extent  and  conductivity  of 
the  heating  surfaces.  The  transfer  of  heat  through  the  shell 
and  furnace  plates  takes  place  by  conduction.  It  has  been 
proved,  experimentally,  that  the  quality  or  thickness  of  the 
material  has  little  influence,  thick  iron  tubes  working  prac- 
tically as  well  as  thin  brass  ones.  Very  thick  plates  are, 
however,  liable  to  be  injured  by  burning  when  exposed  to 
the  direct  action  of  the  fire. 

20.  Water  circulation  is  essential  to  the  efficient  opera- 
tion of  a  boiler.  It  has  just  been  stated  that  the  rapidity  of 
the  transfer  of  heat  by  convection  depends  on  the  rapidity 
of  circulation.  Besides  this,  the  circulation  is  useful  in 
preventing,  in  some  degree,  the  deposit  of  sediment  that 
accumulates  from  the  feedwater.  Again,  a  rapid  circulation 
keeps  the  parts  of  the  boiler  at  a  uniform  temperature. 
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21.  Fig.  6  shows  the  circulation  of  the  water  in  an 
externally  fired  cylindrical  boiler.  The  heated  currents  rise 
from  the  hottest  part  of  the  shell  directly  over  the  furnace, 
and  carry  the  bubbles  of  steam  to  the  surface.  The  cooler 
water  rushes  in  to  take  their  place  over  the  furnace,  and  thus 
the  circulation  is  maintained.  As  shown  in  the  fi^re,  there 
are  two  currents,  one  carrying  the  cold  water  from  rear  to 


front,  and  the  other  carrying  it  down  the  outside  of  the  shell 
and  up  through  the  center.  It  will  also  be  noticed  that  the 
circulation  is  in  a  direction  contrary  to  that  of  the  furnace 
gases.  Since  in  all  cylindrical  boilers  the  water  is  not  con- 
tained in  a  solid  mass,  but  is  broken  by  flues  or  tubes,  the 
circulation  is  more  or  less  interfered  with  by  opposing 
currents. 

33.  Fig,  7  illustrates  the  circulation  of  the  water  in  a 
Scotch  boiler.  The  water  directly  over  Uie  top  of  the 
furnaces  is  heated  first;  it  rises  between  the  tubes  and  along- 
side each  nest  of  tubes,  cooler  water  cominj;  down  between 
the  nests  and  alongside  the  shell.      The  circulation  in  the 
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lower  half  of  the  boiler  is  very  feeble;  some  of  the  water 
passes  upwards  alongside  the  funiac.es,  where  the  downward 
corrents  meet  it  and  almost  neutralize  its  motion.     It  will 


thus  be  seen  that  the  circulation  is  greatly  interfered  with  by 
opposing  currents,  and  as  a  consequence  the  lower  half  of 
the  boiler  is  considerably  cooler  than  the  upper  half;  the 
difference  in  tempera- 
ture between  different 
parts  of  the  sheets  sets 
up  severe  strains  in  the 
material,  thus  tending 
to  shorten  the  life  of  the 
boiler.  The  circulation 
is  more  rapid  and  ef- 
fective if  the  water  is 
constrained  to  follow  a 
particular  path.  To  ac- 
complish this  object, 
thin  sheet-iron  plates 
are  sometimes  fitted  in 
Scotch  boilers  in  such  a 
position  that  the  upward  and  downward  currents  cannot  inter- 
fere with  each  other.  The  arrangement  of  the  plates  is  shown 
in  Fig.  8.    The  thin  iron  plates  P,  P  enclose  each  separate  nest 
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of  tubes,  extending  very  nearly  the  whole  length,  and  down- 
wards to  the  lowest  tubes  of  each  nest.  The  upper  ends  of 
the  plates  enclosing  each  nest  are  inclined  toward  each 
other,  and  are  carried  up  a  short  distance  above  the  water 
level.  The  water  is  lifted  through  the  opening  between  the 
two  plates  by  the  ebullition  on  the  surface  of  the  water,  and, 
after  parting  with  the  particles  of  steam  suspended  within  it, 
flows  down  the  upper  inclined  surfaces  of  the  plates  and 
augments  the  downward  current.  These  plates  will  acceler- 
ate the  circulation  in  a  direction  at  right  angles  to  the  axis 
of  the  boiler,  but  do  not  influence  any  current  in  an  axial 
direction.  The  arrows  show  the  direction  of  the  currents. 
This  arrangement  helps  the  circulation  somewhat,  but  still 
leaves  much  to  be  desired. 


23.  It  IS  one  of  the  strong  points  of  the  water-tube 
boilers  that  the  water  must  pass  in  one  direction  through  a 
series  of  tubes;  hence,  the  circulation  is  stioiig  and  uninter- 
rupted, Oi  course,  this  statement  refers  only  to  properly 
designed  water-tube  boilers.  In  the  earlier  designs,  the 
circulation  of  the  water  had  either  not  been  provided  for  at 
all,  or  but  indifferently.  For  this  reason  the  first  water-tube 
boilers  placed  in  a  steamship  were  failures;  but  since  then, 
the  importance  of  providing  for  a  rapid  circulation  has  been 
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recognized  and  the  boilers  designed  accordingly,  so  that  at 
the  present  day  the  statement  made  holds  good  for  nearly 
all  water-tube  boilers  used  in  steam  vessels.  The  difference 
between  the  cylindrical  and  water-tube  boilers  in  this  respect 
may  be  illustrated  as  follows:  The  cylindrical  boiler  with 
its  contained  mass  of  water  may  be  compared  to  an  ordinary 
kettle  in  the  process  of  boiling  (see  Fig.  9).  The  water  rises 
rapidly  around  the  outer  edges  and  flows  downwards  in  the 
center.  If,  however,  the  fire  is  quickened,  the  upw^ard  and 
downward  currents  interfere  with  each  other,  and  the  kettle 
boils  over.  The  water-tube  boiler  should  be  identical  in 
principle  with  a  U  tube  hanging  from  a  vessel  filled  with 
water,  and  with  the  heat  applied  to  one  leg  (see  Fig.  10). 
The  circulation  is  set  up  immediately,  and  proceeds  quietly, 
no  matter  how  fierce  the  fire  may  be. 


•    FORCED    CIRCULATION 

24.  Of  late  years,  much  attention  has  been  paid  to  the 
improvement  of  the  circulation  of  the  water  in  the  fire-tube 
marine  boilers,  and  today  a  great  many  of  them  are  fitted 
with  some  apparatus  for  improving  the  circulation.  This 
may  be  done  by  a  small  pump  connected  to  the  bottom  of 
the  boiler,  drawing  the  cold  water  from  the  lower  half  and 
discharging  it  through  a  perforated  pipe  near  the  water  level 
downwards  between  the  nests  of  tubes. 

25*     The  Craii?  lieatiu^r  and  cireulatini^  apparatus 

is  shown  in  Figs.  11  and  12.  In  general  design  and  principle 
of  operation,  it  greatly  resembles  an  injector.  In  Fig.  11, 
the  feed  water  enters  through  the  pipe  A,  passing  through  the 
check-valve  Cinto  the  nozzle  B\  thence  through  A  into  the  feed 
check-valve  M,  and  through  the  stop-valve  R  into  the  boiler. 
The  water  passing  through  -^  at  a  high  velocity  induces  a 
current  of  water  to  pass  through  the  induction  pipe  N  con- 
nected to  the  bottom  of  the  boiler,  the  water  passing  through 
the  check-valve  E  into  D,  thence  through  the  annular  open- 
ing between  the  nozzles  /'"and  G  into  /^,  whence  it  passes 
into  A,  mingling  with  the  feed  water.     To  heat  the  water,  a 
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jet  of  live  steam  is  admitted  by  the  valve  K  and  nozzle  G. 
The  steam  pipe  P,  bolted  to  the  valve  K,  leads  to  the  donkey 
boiler.  When  it  is  desired  to  equalize  the  temperature  and 
circulate  the  water  while  getting  up  steam  in  a  boiler  fitted 
with  the  apparatus,  steam  from  the  donkey  boiler  is  admitted 
by  the  valve  K.  The  steam  flowine  through  G  into  /^  at  a 
high  velocity  acts  the  same  as  an  injector,  inducing  a  flow  of 
water  through  N,E,-D,F,A,M,  and  R  into  the  boiler,  and 


delivering  the  water  at  a  high  temperature.  The  check- 
valve  C  prevents  any  of  the  water  from  entering  the  feed- 
pipe L.  When  the  boiler  is  under  steam,  the  apparatus  is 
used  to  circulate  and  heal  the  feedwater,  the  circulation  being 
induced  by  the  feedwater  flowing  through  B  with  a  high 
velocity  and  inducing  a  current  of  water  to  pass  up  through 
N,E,D,F,  and  F,  into  A,  and  thence  into  the  boiler.  The 
feedwater  is  heated  by  mingling  with  the  hot  water  coming 
from  the  bottom  of  the  boiler. 
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26.  Id  Fig.  12,  the  apparatus  is  shown  applied  to  a  Scotch 
boiler.  At  N',,  the  internal  induction  pipe  is  shown.  'This 
is  a  perforated  pipe  running  in  the  direction  of  the  length  of 
the  boiler,  and  is  connected  to  the  external  induction  pipe  jV, 
provided  with  a  stop-valve  «.  The  feedpipe  /,  is  provided 
with  a  stop-valve  /.     At  A/  the  feed  chect-valve  is  shown. 


whence  the  water  passes  through  the  stop-valve  J?  into  the 
internal  feedpipe  Af„  thence  into  the  perforated  distributing 
pipe  Af„  discharging  the  water  downwards  between  the  nests 
of  tubes.  P\5  the  steam  pipe  leading  to  the  donkey  boiler. 
This  pipe  is  provided  with  a  stop-valve  A".  To  circulate 
the  water  while  running,  the  valve  ii  is  opened,  when  the 
feedwater  itself  will  maintain  the  circulation.     To  heat  and 
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circulate  the  water  before  fires  are  lighted,  the  valve  /  is 
closed,  the  valves  M  and  n  are  opened,  and  steam  from  the 
donkey  boiler  is  admitted  to  the  apparatus,  the  steam,  in  the 
manner  previously  explained,  heating  and  circulating  the 
water,  thus  bringing  all  the  parts  of  the  boiler  to  a  uniform 
temperature,  and  thereby  greatly  reducing  the  local  strains 
in  the  material  of  the  boiler  due  to  starting  a  fire  in  the  fur- 
naces. The  apparatus  may  be  connected  by  suitable  piping 
to  serve  for  the  main  feed  as  well  as  for  the  donkey  feed. 


27.  Bloomsbiir^^s  equilibrium  eircnlator  is  shown 
in  Fig.  13,  and  its  application  to  a  marine  boiler  in  Fig.  14. 
Referring  to  Fig.  13,  the  feedwater  enters  at  a  in  a  solid 

body,   and   in   flowing 
through    the    annular 
opening  b   assumes 
a  tubular  shape.     The 
whole  device  being 
immersed  in  water,  the 
friction  of  the  annular 
jet    issuing    at    a    high    velocity 
from    /;    causes    the    surrounding 
water  to  move  in  the  direction  of 
and  with  the  jet,  thus  inducing  a 
current  of  water  to  flow  through  /  into  d  and  out  at  e. 

In  Fig.  14,  the  device  is  shown  applied  to  a  Scotch  boiler. 
In  this  figure,  a  represents  the  circulator.  The  suction  pipe,(^ 
is  connected  to  /  (see  Fig.  13).  This  suction  pipe  has  two 
branch  suction  pipes,  taking  the  water  from  the  coolest  part 
of  the  boiler.  The  water  is  discharged  throncrh  //  above  the 
tubes.  The  main  feedpipe  /  and  auxiliary  feedpipe  /  are 
both  connected  to  the  circulator  (at  a  in  Fi^.  WV) ,  From 
the  foregoing  it  is  seen  that  as  longf  as  the  feed-pumps 
are  working  this  device  will  automatically  improve  the 
circulation. 

In  order  to  improve  the  circulation  while  ^retting  up  steam, 
and  also  in  order  to  heat  the  water  in  the  l)oiler,  a  jet  similar 
to  that  shown  in  Fig.  13  is  sometimes  placed  at  the  junction 
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of  the  main  and  branch  suction  pipes,  the  jet  pointing: 
upwards  into  the  main  suction  pipe.  By  means  of  a  suitable 
pipe  connection  and  valve,  live  steam  from  the  donkey  boiler 
or  one  of  the  main  boilers  can  be  turned  into  the  jet,  thus 
inducing  a  current  of  heated  water  to  flow  upwards.  By 
means  of  this  supplementary  device,  circulation  can  be  kept 
up  and  improved  when  the  feed-pumps  are  not  working,  or 
it  can  be  used  in  conjunction  with  the  circulator  if  desired. 


II  ,-ip 


Fig.  14 

28.  Many  Scotch  boilers  are  equipped  with  the  so-called 
hydrokineter,  which  is  a  circulation-improving  device  simi- 
lar to  those  previously  described,  and  which  is  placed  inside 
the  boiler.  It  consists  of  several  cone-shaped  nozzles  placed 
in  line  with  one  another;  a  jet  of  steam  is  admitted  axially 
to  the  nozzles  from  a  boiler  in  service,  and  this  induces  a 
current,  the  water  flowing  in  through  the  large  open  end  of 
the  nozzles  and  out  of  the  small  part.  The  hydrokineter  is 
used  chiefly  in  getting  up  steam  in  a  cold  boiler,  giving  a 
forced  circulation. 
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GETTING    RKADY   FOR  SEA 


GENERAL.    INSTRUCTIONS 

1  •  Examination  of  Boilers  and  Fittingrs. — The  Rules 
and  Reg:ulations  of  the  United  States  Steamboat  Inspection 
Service  state  as  follows:  **It  shall  be  the  duty  of  an  engi- 
neer, when  he  assumes  charge  of  the  boilers  and  machinery 
of  a  steamer,  to  forthwith  thoroughly  examine  the  same, 
and  if  he  finds  any  part  thereof  in  bad  condition,  caused  by 
neglect  or  inattention  on  the  part  of  his  predecessor,  he  shall 
immediately  report  the  facts  to  the  local  inspectors  of  the 
district,  who  shall  thereupon  investigate  the  matter;  and  if 
the  former  engineer  has  been  culpably  derelict  of  duty,  they 
shall  suspend  or  revoke  his  license.** 

2.  In  making  the  required  examination  of  the  boilers,  on 
assuming  charge,  the  engineer  should  inspect  them  both 
internally  and  externally.  Before  entering  a  boiler  that  has 
just  been  opened,  it  should  be  tested  for  foul  air  by  holding 
a  lighted  lamp  or  candle  inside  of  it  and  noting  the  effect  on 
the  flame.  If  the  flame  bums  brightly,  it  will  be  safe  to 
enter  the  boiler;  but  if  it  burns  dimly  and  finally  goes  out, 
the  boiler  should  not  be  entered  until  it  has  been  thoroughly 
ventilated.  If  the  donkey  boiler,  or  any  other  boiler  on 
board,  has  steam  in  it  at  the  time  the  examination  is  being 
made  and  there  is  a  steam  connection  between  it  and  the 
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boiler  undergoing  inspection,  the  stop-valve  in  that  connec- 
tion should  be  tightly  closed  and  secured  so  that  it  cannot 
be  opened  by  mistake,  thus  preventing  the  possibility  of 
scalding  the  man  malcing  the  inspection. 

The  principal  defects  to  look  for  are  bulges,  cracks,  blisters^ 
and  thin  and  bur?it  places  in  the  plates  composing  the  heating 
surfaces.  The  first  defect  named  is  revealed  by  an  ocular 
inspection;  the  others  can  be  discovered  easiest  by  tapping 
the  plates  with  a  light  hammer  and  listening  for  any  differ- 
ence in  sound.  The  seams,  rivets,  staybolts,  and  tubes 
should  be  examined  for  leaks.  The  stayrods  should 
be  calipered  to  ascertain  if  they  have  been  reduced  in 
thickness,  to  any  great  extent,  by  corrosion;  their  ends 
should  be  examined  to  see  if  they  are  properly  secured. 
The  fusible  plugs  should  also  receive  attention.  The  thick- 
ness of  the  scale  on  the  tubes  and  on  the  plates  composing 
the  heating  surfaces  should  be  noted,  and  whether  there  are 
any  large  flakes  of  rust  peeling  off  them;  also,  note  if  there 
is  much  mud  or  other  sediment  in  the  boilers.  Examine  the 
crown  bars.  Look  at  all  openings  to  pipes,  gauges,  safety 
valves,  etc.  to  see  that  they  are  clear.  Look  the  dry  pipe 
over  and  see  that  the  perforations  or  slits  are  clear.  Examine 
the  zinc  protectors  and  see  that  they  are  properly  placed 
and  connected,  and  that  the  baskets  are  in  good  condition. 
Look  very  carefully  for  oil  and  grease  on  the  heating  sur- 
faces,  especially  on  the  crown  sheets  and  the  top  sheets  of 
the  combustion  chambers;  if  any  is  found,  be  sure  to  have  it 
removed  before  the  boiler  is  closed  up.  Before  coming  out 
of  the  boiler,  look  for  lamps,  oil  cans,  bunches  of  waste, 
tools,  and  other  foreign  matter  liable  to  be  left  there  by  the 
workmen. 

After  completing  the  examination  in  the  steam  and  water 
space,  the  heat  space  should  be  entered  and  inspected  with 
the  same  degree  of  care  and  thoroughness  that  was  given  to 
the  water  space  and  steam  space.  Such  defects  as  bulges, 
cracks,  blisters,  thin  and  burnt  places  in  the  plates,  and  leaks 
in  seams,  rivets,  staybolts,  and  tubes  can  best  be  detected 
from  the  fire  side  of  the  plates.     Leaks  will  generally  be 
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revealed  by  having  more  or  less  salt  or  rust  around  them, 
or  by  bare  spots  where  the  soot  has  been  blown  away  by 
jets  of  steam  or  water  squirting  through  the  leaks.  The 
crown  sheets  and  the  back  sheets  of  the  combustion  chambers 
should  receive  special  attention,  as  it  is  on  these  sheets 
that  the  flames  impinge,  and  no  part  of  a  boiler  is  exposed 
to  more  intense  heat  and  greater  strains.  While  inside  the 
heat  spaces,  examine  the  bridge  walls,  grate-bar  beams  and 
their  lugs,  and  also  the  dead  plates.  The  exteriors  of  the 
boilers  and  front  connections  should  now  receive  attention. 
Examine  the  boiler  coverings  and  note  if  there  are  any  leaks 
in,  or  rusty  spots  on,  the  shells.  Look  over  all  the  pipes 
that  are  connected  to  the  boilers,  especially  the  feedpipes, 
back  to  the  source  of  the  feedwater  supply,  inclusive  of  the 
feed-pump  and  all  cocks  and  valves  in  the  feedpipes,  as  well 
as  those  in  all  the  other  pipes.  Try  the  dampers,  safety 
valves,  gauge-cocks,  cocks  in  glass  water  gauge,  and  water- 
column  connections.  Examine  the  salinometer  pots  and  con- 
necting pipes;  also,  all  drain  pipes,  and  try  their  cocks. 

If  any  defects  are  found  during  the  examination,  they 
should  be  remedied  at  once;  and  if  the  boilers  require 
cleaning  and  scaling,  there  should  be  no  delay  in  having 
these  operations  performed.  If  any  rusty  places  are  found  on 
the  shell  of  the  boilers,  the  rust  should  be  scraped  off  and 
the  bare  spots  painted  with  red-lead  paint.  Pack  all  valve 
stems  that  need  it;  in  fact,  put  everything  in  good  order  so 
as  to  be  in  readiness  to  raise  steam  whenever  required  to  do  so. 

3,  Fireroom  Force. — On  an  ocean  steamer,  the  fire- 
room  force  consists  of  the  water  tenders,  firemen,  and  coal 
passers.  There  is  usually  one  fireman  and  one  coal  passer 
to  every  100  or  125  square  feet  of  grate  surface  in  the  boilers. 
In  the  United  States  Navy,  the  men  on  duty  in  the  fireroom 
are  under  the  immediate  chaige  of  the  water  tender,  who 
also  reg^ulates  the  feedwater  supply,  the  steam  pressure,  etc. 
In  the  merchant  service,  these  duties  are  usually  performed 
by  an  enjrineer;  and  on  small  vessels,  the  engineer  of  the 
watch  attends  to  them.     The  fireroom  force  is  usually  divided 
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into  three  divisions,  called  watches,  each  division  taking:  its 
turn  and  being  on  duty  4  hours  and  off  duty  8  hours.  This 
rotation  g^oes  on  continuously  day  and  nig^ht  while  the  vessel 
is  under  way.  In  vessels  plying  regularly  between  ports 
only  a  short  distance  apart,  there  are  often  but  two  watches, 
of  6  hours  each;  and  in  vessels  making  very  short  runs,  there 
is  usually  but  one  watch. 

4,  Coaling:  Ship. — Before  taking  in  coal,  the  bunkers 
should  be  examined;  and  if  any  of  the  braces  have  been 
removed  to  facilitate  taking  out  coal  during  the  last  run  they 
should  be  replaced;  all  rubbish  should  be  removed  from  the 
bunkers  and  the  doors  closed.  On  vessels  in  which  coaling 
ports  are  not  provided,  the  scuttle  plates  on  deck  should  be 
taken  off  and  the  chutes  rigged.  The  required  number  of 
shovels,  slice  bars,  coal  mauis,  and  bunker  lamps  for  stowing 
the  bunkers  should  be  sent  on  deck;  also,  if  considered 
necessary,  a  weighing  scale  for  weighing  the  coal.  A  com- 
petent man  should  be  detailed  to  run  the  winch,  and  other 
men  to  tally ^  that  is,  count,  the  tubs  or  baskets  of  coal  as 
they  come  on  board.  Men  should  also  be  detailed  to  stow 
the  coal  and  trim  the  bunkers.  After  the  coaling  has  com- 
menced, a  sufficient  number  of  tubs  or  baskets  of  coal  should 
be  weighed  to  get  their  average  net  weight,  and  after  the 
coaling  has  been  completed  the  number  of  tubs  or  baskets  of 
coal  put  into  the  bunkers  multiplied  by  their  average  net 
weight  will  give  the  total  amount  of  coal  received.  When 
the  bunkers  are  nearly  full,  the  stowing  of  the  coal  should  be 
carefully  attended  to,  so  that  there  will  be  no  empty  spaces 
left  in  the  bunkers.  After  the  bunkers  are  filled,  the  chutes 
are  unrigged  and  stowed  away,  the  scuttle  plates  put  on,  the 
shovels  and  other  tools  are  collected  and  sent  below.  The 
winch  engine  is  wiped  off  and  drained,  and  the  cover  put  on, 
if  one  is  provided.  

GETTING    UP    STEAM 

5.  General  Preparations. — Clean  off  manhole  and 
handhole  cover-plates  and  their  seats  and  renew  gaskets 
wherever  necessary.     Replace  the  grate  bars.     See  that  the 
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blow-off  cocks,  the  drain  cocks,  and  valves  in  pumping:-oiit 
pipes  are  closed.  Ease  off  the  main  and  auxiliary  stop- 
valves  and  seat  them  gently.  Open  cocks  in  connections  to 
water  columns,  glass  water  gauges,  and  steam  gauges. 
Close  cocks  in  the  pipes  to  the  salinometer  pots.  Open  feed 
stop-valves.  Remove  smokestack  hood.  Slack  off  the 
smokestack  guys.  Open  the  damper.  Examine  the  valves 
of  the  auxiliary  feed-pump,  and  overhaul  the  pump  if  it 
requires  it.     Try  the  ash  hoist. 

6,  Closingr  Boilers. — When  the  engineer  of  the  watch 
receives  orders  to  get  up  steam,  he  immediately  summons  to 
the  fireroom  the  division  of  men  whose  turn  it  is  to  go  on 
watch  and  assigns  to  each  fireman  the  furnaces  he  is  to  take 
care  of  and  details  a  coal  passer  to  supply  him  with  coal. 

On  the  arrival  of  the  men  in  the  fireroom,  they  proceed  at 
once  to  close  up  the  boilers  by  putting  on  the  manhole  and 
handhole  cover-plates.  A  thin  coating  of  black  lead  (graph- 
ite) and  tallow  mixed  together  should  be  spread  over  the 
gaskets  if  they  are  of  sheet  rubber  or  asbestos.  If  corru- 
gated copper  gaskets  are  used,  the  black  lead  and  tallow 
may  be  dispensed  with. 

7.  FillinfiT  Boilers. — If  the  vessel  is  lying  in  fresh  and 
pure  water,  it  is  only  necessary  to  open  the  bottom  blow 
cocks  and  let  the  water  flow  in  to  its  proper  level  from  over- 
board, the  safety  valves  having  previously  been  opened  to 
permit  the  escape  of  air  as  the  water  flows  in.  Should  the 
boilers  be  so  located  in  the  vessel  that  the  water  from  over- 
board will  not  rise  to  the  required  level,  the  amount  lacking 
must  be  pumped  into  them.  If  the  vessel  is  lying  in  impure, 
very  muddy,  or  salt  water,  the  boilers  should  be  filled  from 
some  other  source.  If  the  vessel  is  lying  at  a  wharf,  the 
boilers  may  be  filled  by  a  hose  attached  to  the  water  pipes  on 
shore.  If  the  boilers  are  not  fitted  with  nozzles  for  the  pur- 
pose of  attaching  the  hose,  the  upper  manhole  plate  of  each 
boiler  should  be  left  off  and  the  hose  inserted  through  the 
manholes.  If  the  vessel  is  lying  in  the  stream,  it  will  be 
necessary  to  get  the  water  supply  from  a  water  boat. 
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8.  starting:  Fires. — While  the  water  is  running  into  the 
boilers,  the  furnaces  may  be  charged.  The  rear  halves  of 
the  grates  are  covered  with  a  thin  layer  of  coal  and  the  front 
halves  with  split  cord  wood.  Some  of  the  wood  should  be 
broken  into  kindling,  which  is  placed  under  and  amongst  the 
front  ends  of  the  sticks  of  cord  wood  just  inside  the  furnace 
doors;  then  a  bunch  of  oily  waste,  or  shavings,  if  any  are  on 
hand,  is  put  amongst  the  kindling  and  ignited.  When  the 
wood  is  burning  freely,  coal  is  thrown  on  top  of  the  wood,  a 
little  at  a  time.  By  the  time  the  wood  is  all  consumed,  there 
will  be  thin  beds  of  live  coals  all  over  the  grates.  The  fires 
are  then  built  up  gradually  by  throwing  thin  layers  of  coal 
on  top  of  the  burning  coal  until  the  fuel  bed  reaches  the 
required  thickness. 

9.  Ralsini?  Steam. — When  getting  up  steam,  the  fires 
should  not  be  forced,  but  should  be  allowed  to  burn  up  grad- 
ually, thus  giving  the  boiler  an  opportunity  to  expand  more 
uniformly  under  the  influence  of  the  increasing  heat.  By 
forcing  the  fires,  the  plates  or  tubes  that  are  nearest  the  fires 
are  subjected  to  extreme  expansion,  while  those  parts  that 
are  remote  from  the  fire  are  still  cold;  under  such  conditions, 
the  seams  and  rivets,  and  also  the  tube  ends,  are  liable  to  be 
severely  strained,  and  possibly  permanently  injured. 

It  is  notj  desirable  to  raise  steam  in  an  internally  fired 
fire-tube  marine  boiler  in  less  than  from  3  to  5  hours, 
while  from  7  to  9  hours,  and  even  more,  would  be  better. 
Externally  fired  fire-tube  boilers  are  not  subjected  to  the 
strains  due  to  expansion  to  such  an  excessive  degree  as 
the  internally  fired  type,  and  water-tube  boilers  are  still  less 
affected  by  unequal  expansion  and  contraction;  therefore 
steam  may  be  raised  in  such  boilers  without  serious  injury 
in  less  time  than  in  internally  fired  boilers. 

Assuming  that  the  pressure  at  which  the  boilers  are  to 
operate  has  been  reached,  before  connecting:  them  with  the 
enjjine,  all  the  cocks  and  valves  should  be  tried  under  pres- 
sure. The  safety  valves  should  be  raised  fc^r  a  moment  and 
their    action    noted;    the    water    columns    should    be    blown 
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throug:h  and  the  gauge-cocks  tested;  the  feed  stop-valves 
should  be  opened  and  the  feed-apparatus  tried;  and  it  should 
be  particularly  noted  whether  the  check-valves  seat  properly. 
The  blow-off  cocks  should  also  be  tried  and  their  condition 
noted.  Everything  being  found  in  good  condition,  the 
boilers  will  be  ready  for  service. 

10«  Smokestack  Guys.  —  While  in  port,  the  smoke- 
stack guys  may  either  be  cast  off  at  their  lower  ends  and 
the  slack  coiled  down  on  the  fireroom-hatch  gratings  near 
the  pipe,  or  they  may  be  kept  in  their  places  and  hauled 
taut.  If  the  latter  method  is  practiced,  the  guys  should  be 
slacked  off  before  getting  up  steam,  and  in  either  case,  after 
the  smokestack  has  expanded  to  its  full  height,  the  guys 
should  be  hauled  taut  and  the  ends  firmly  secured,  so  that 
they  will  support  the  smokestack  when  the  ship  rolls  and 
pitches  at  sea.  

liEAVING  PORT,   AT  SEA,  AND  COMING  TO 


GETTING    UNDER    WAY 

11.  When  the  signal  to  get  ready  to  start  the  engines  is 
received  in  the  engine  room,  the  boiler  attendant  should 
be  notified  at  once;  he  should  then  immediately  open  the 
damper,  if  closed,  close  the  furnace  door  and  connection 
doors,  if  any  of  them  are  open,  and  if  the  boilers  are  fitted 
with  lever  safety  valves,  and  they  are  open,  he  should  close 
them.  The  stop- valves  in  the  main  feedpipes  should  now  be 
opened  and  those  on  the  auxiliary  feedpipes  closed.  When 
the  steam  pressure  in  the  various  boilers  has  risen  to  within, 
say,  10  pounds  of  the  usual  working  pressure,  the  boilers 
are  connected  by  opening  their  stop-valves.  Before  connect- 
ing, great  care  must  be  exercised  to  have  the  steam  pres- 
sures in  the  several  boilers  practically  equal.  The  stop- 
valves,  in  fact  any  valve  that  is  subjected  to  great  pressure, 
should  be  opened  very  slowly  to  prevent  too  sudden  a 
change  in  the  temperature  and  expansion  of  the  piping 
through    which    the    steam    flows,    and    to    prevent    wate? 
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hammer.  The  latter  is  caused  by  larg:e  bodies  of  condensed 
steam  being:  driven  violently  forwards  by  the  out-rushing 
steam,  due  to  opening  a  valve  too  quickly.  Water  hammer 
is  liable  to  prove  disastrous  to  the  piping,  the  heavy  blow 
due  to  the  momentum  of  the  body  of  condensed  steam  mov- 
ing with  high  velocity  being  likely  to  cause  a  leaking  of  the 
joints,  if  not  a  bursting  of  the  pipe.  To  prevent  the  accumula- 
tion of  water,  the  steam-pipe  drains  should  be  kept  open  until 
the  pipe  is  thoroughly  warmed  up;  that  is,  until  nothing  but 
steam  issues  from  the  drains.  In  large  vessels,  with  many 
boilers  and  long  steam  mains,  it  requires  considerable  time 
to  thoroughly  warm  these  pipes  by  a  slow  circulation  of 
steam,  and  not  until  then  should  the  boiler  stop-valves  be 
opened  wide. 

It  is  the  practice  of  some  engineers  to  open  the  main 
stop-valve  entirely  before  warming  up  the  steam  piping; 
others  warm  up  the  piping  as  far  as  the  main  stop-valve  and 
fully  connect  the  boilers  before,  very  slowly  and  by  degrees, 
opening  the  main  stop-valve.  In  the  latter  case,  this  valve 
should  be  very  slightly  moved  from  its  seat  before  the  boiler 
stop-valves  are  opened,  in  order  that  expansion  may  not 
jam  it  so  hard  that  it  cannot  be  opened.  Neither  practice 
possesses  any  great  advantage  over  the  other. 

As  soon  as  the  steam  pressure  at  the  throttle  has  risen  to 
the  desired  point,  the  engineer  will  commence  to  warm  up  the 
engines.  Care  must  be  exercised  in  the  boiler  room  not  to 
let  the  steam  pressure  run  up  high  enough  to  lift  the  safety 
valves;  this  involves  a  careful  watching  of  the  steam  gauges 
and  subsequent  regulation  of  the  fires,  checking  a  too  rapid 
steam  generation  by  putting  the  ash-pit  dampers  in  place, 
by  the  main  damper,  and,  as  a  last  resort,  by  opening  the 
furnace  doors  and  finally  the  front-connection  doors. 


WORKING    THE    FIRES 

12,  The  fuel  bed  should  be  kept  at  an  even  thickness. 
As  a  general  rule,  this  should  be  about  S  or  10  inches,  though 
this  thickness  may  have  to  be  varied  to  suit  the  different 
kinds  and  grades  of  coal  used  and  the  intensity  of  the  draft. 
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The  surface  of  the  fire  should  be  kept  level  and  only  enous;h 
*  coal  should  be  put  on  at  one  time  to  fairly  but  thinly  cover 
the  entire  surface  of  the  glowing  coals.  No  lumps  of  coal 
larger  than  a  man's  fist  should  be  put  on  a  fire  if  the  best 
results  are  expected.  Care  should  be  taken  to  prevent  holes 
being  burned  in  the  fuel  bed.  If  there  are  any  thin  spots  in 
the  fire  or  if  the  surface .  is  uneven  it  should  be  leveled  off 
before  coaling. 

13.  After  a  fire  has  been  burning  a  certain  length  of 
time,  it  will  require  cleaning,  as  all  varieties  of  coal  contain 
more  or  less  clinker-making  material.  The  time  and  method 
of  cleaning  a  fire  depend  principally  on  the  nature  of  the 
fuel  used  and  the  rapidity  with  which  it  is  consumed. 

14.  When  a  fire  is  permitted,  by  carelessness  or  other- 
wise, to  get  so  low  that  it  will  no  longer  make  steam,  the 
best  way  to  build  it  up  is  to  draw  all  the  live  coals  to  the  front 
end  of  the  furnace,  haul  out  all  ashes,  clinkers,  and  dead 
coal,  and  cover  the  grate  bars  back  of  the  live  coals  with 
fresh  coal.  If  soft  coal  is  used,  the  fire  will  soon  work  its 
way  back  through  the  fresh  coal  and  ignite  it;  but  if  anthra- 
cite is  used  there  will  be  more  difficulty  experienced  in  build- 
ing up  a  low  fire.  If  an  anthracite  fire  should  get  very  low, 
the  best  method  is  to  haul  it  and  start  a  new  fire  with  wood, 
or  with  live  coals  from  one  of  the  other  fires.  It  is  useless 
to  throw  wood  on  top  of  a  nearly  burned-out  anthracite  fire, 
as  that  course  will  make  matters  worse. 

15.  The  best  course  to  pursue  to  hold  the  steam  pres- 
sure in  check  when  the  engines  are  stopped  temporarily  is  to 
close  the  damper  and  ash-pit  doors.  If  the  pressure  still 
continues  to  rise,  the  bleeder  may  be  used  to  work  off  the 
surplus  steam.  The  bleeder  is  a  pipe  of  fairly  large  size 
connecting  the  main  steam  pipe  directly  with  the  condenser, 

.  permitting  the  surplus  steam  to  be  condensed,  and  also  pre- 
venting the  noise  that  the  safety  valves  would  make  when 
discharging.  This  pipe  is  generally  fitted  in  naval  vessels, 
where  condensers  with  independent  air  pumps  and  circulating 
pumps   are   the   rule.     If   the   stoppage   of   the  engines  is 
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prolonged  beyond  a  few  minutes  some  of  the  fires  may  be 
pushed  back  from  the  front,  uncovering  the  grates  for  a  short 
distance,  thus  checking  the  formation  of  steam.  The  following 
should  be  avoided,  if  possible,  as  they  are  all  objectionable  or 
detrimental  to  the  boilers:  blowing  off  with  the  safety  valves; 
pumping  in  cold  water  and  blowing  with  the  blow-off  cocks; 
opening  the  furnace  doors  and  connection  doors.  When  the 
engines  are  started  again,  the  damper  should  be  opened, 
the  bleeder  shut  off,  and  if  the  fires  have  been  pushed  back, 
they  should  be  spread  out  again  as  quickly  as  possible. 

16.  It  is  necessary  to  systematically  remove  the  ashes 
from  the  ash-pits  and  to  dispose  of  them,  as  well  as  of  the 
refuse  drawn  from  the  furnaces  in  cleaning  fires,  in  a  suitable 
manner.  In  vessels  where  the  fireroom  force  is  divided  into 
watches,  it  is  the  usual  custom  to  clear  the  ash-pits  and  fire- 

9 

rooms  of  all  ashes  and  clinkers  near  the  end  of  each  watch. 
When  the  ashes  have  to  be  hoisted  from  the  fireroom,  they 
are  usually  wetted  down  to  prevent  excessive  dust.  In  wet- 
ting down  ashes,  they  should  not  be  deluged  with  water  from 
a  hose  or  buckets,  on  account  of  the  cloud  of  fine  ashes  that 
arises  when  so  treated,  which  afterwards  settles  on  every- 
thing \yithin  its  reach.  The  proper  way  to  wet  down  ashes 
is  by  means  of  a  spray  nozzle  on  the  ash  hose.  If  the  vessel 
is  provided  with  an  ash  ejector,  the  ashes  may  be  ejected 
overboard  whenever  convenient  to  do  so,  and  much  trouble 
and  annoyance  may  thereby  be  obviated. 

17.  In  ships  navigating  the  hi^h  seas,  ashes  are  dis- 
posed of  by  throwing  them  overboard;  in  harbor  and  river 
navigation,  regulations  generally  prohibit  the  throwing  over- 
board of  ashes  and  other  refuse.  Ashes  must  then  be  collected 
in  suitable  iron  cans  and  removed  from  the  ship  at  suitable 
intervals  by  ash  and  garbage  collectors,  who  dispose  of  them  in 
such  a  manner  as  the  municipal  or  other  regulations  demand. 
As  this  service  must  be  paid  for,  it  is  the  practice  in  ships 
navigating  the  high  seas  to  throw  overboard  all  ashes  and 
other  refuse  just  before  entering  the  harbor  limits,  thereby 
reducing  the  expense  of  ash  and  garbage  removal. 
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PRIMING    AND    FOAMING 

18.  Primingr. — Priming  in  a  steam  boiler  is  analog:ous 
to  the  boiling  over  of  the  water  in  a  teakettle.  On  the  appli- 
cation of  intense  heat,  the  water  in  contact  with  the  bottom 
of  the  kettle  or  the  heating  surfaces  of  a  steam  boiler  will  be 
rapidly  converted  into  steam,  which  will  rise  to  the  surface 
with  considerable  force,  carrying  the  water  with  it  until  it 
overflows  the  kettle,  or,  in  the  case  of  a  boiler,  carrying  the 
water  into  the  steam  pipe  and  thence  into  the  engine  cylin- 
ders, where  it  is  liable  to  do  considerable  damage  if  it  is  not 
checked  in  time.  There  are  several  causes  for  priming,  of 
which  the  most  common  are  the  following:  (1)  insufficient 
boiler  power;  (2)  defective  design  of  the  boiler;  (3)  water 
level  carried  too  high;  (4)  irregular  firing;  (6)  sudden  open- 
ing of  stop-valves. 

When  the  boiler  power  is  insufficient,  the  boilers  must  be 
forced  in  order  to  furnish  enough  steam  for  the  engine,  and, 
consequently,  the  steam  bubbles  will  rise  through  the  water 
with  such  speed  that  they  will  carry  particles  of  water  with 
them  by  friction  and  cohesion.  The  best  remedy  for  this 
cause  of  priming  is  to  install  larger  boilers  or  more  of  them; 
the  next  best  course  to  pursue  is  to  put  in  a  steam  separator, 
which,  obviously,  will  only  prevent  the  entrained  water  from 
reaching  the  engines;  it  will  not  stop  the  priming. 

Defective  design  in  boilers  generally  consists  of  too  small 
steam  space,  or  of  an  imperfect  arrangement  of  tubes,  which 
may  be  spaced  so  close  together  in  an  effort  to  obtain  greater 
heating  surface  as  to  seriously  interfere  with  the  circulation 
of  the  water.  In  some  cases,  a  small  steam  space  can  be 
increased  by  the  addition  of  a  steam  drum;  or  the  top  row  of 
tubes  may  be  taken  out  to  advantage,  which  will  admit  of 
carrying  a  lower  water  level  and  thus  increase  the  steam 
space.  Defective  water  circulation  is  difficult  to  detect  and 
to  remedy;  it  may  be  due  to  too  close  spacing  of  the  tubes, 
a  marked  improvement  having  occasionally  been  effected  by 
the  removal  of  one  or  two  vertical  rows  of  tubes.  Thin 
sheet-iron  plates  are   sometimes  fitted  in  Scotch  boilers  in 
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such  a  position  that  the  upward  and  downward  currents  of 
water  cannot  interfere  with  each  other.  Mechanical  circu- 
lators are  now  larg^ely  applied  to  marine  boilers  with  benefi- 
cial results. 

The  remedy  for  too  high  a  water  level  is  obvious — carry 
the  water  at  a  lower  level.  With  irregular  firing,  especially 
when  the  draft  is  strong,  the  rate  of  evaporation  will  be  so 
high  at  times  that  the  steam  bubbles  will  rise  at  such  speed 
as  to  carry  the  water  with  them,  just  as  in  the  case  of  insufiS- 
cient  boiler  power. 

The  sudden  opening  of  a  stop-valve  or  the  throttle  valve 
causes  a  momentary  local  lowering  of  the  pressure  near  the 
steam  outlet  of  the  boiler;  consequently,  some  of  the  water 
in  the  other  parts  of  the  boiler  will,  by  the  greater  pressure, 
be  thrown  toward  the  outlet  and  mix  with  the  steam  that  is 
rushing  from  the  boiler. 

19.  Priming  manifests  itself  by  a  peculiar  cracking 
sound  in  the  cylinders  of  the  engines,  due  to  the  water 
being  thrown  violently  against  the  heads.  In  cases  of  very 
violent  priming,  the  water  will  rise  several  inches  in  the 
glass  gauge,  thus  showing  a  false  water  level.  When  priming 
takes  place,  one  method  of  checking  it  temporarily  is  as  fol- 
lows: Close  the  damper  and  ash-pit  doors,  thereby  checking 
the  fires  until  the  water  has  quieted  down.  The  throttle  or 
the  main  stop-valve  should  also  be  partly  closed  to  check  the 
onrush  of  water  from  the  boilers  and  also  to  increase  the 
pressure. on  the  surface  of  the  water,  which  tends  to  keep  it 
from  rising.  After  the  priming  is  checked,  observe  if  the 
water  level  drops  in  the  glass  water  gauge,  as  it  probably 
will;  if  it  does,  more  feedwater  will  be  required.  To  prevent 
damage  to  the  engines,  the  drains  in  the  steam  pipe  and 
cylinders  should  be  opened.  Regular  and  even  firing  tends 
to  prevent  priming  by  maintaining  a  steady  pressure.  Pri- 
ming may  also  be  produced  by  the  main  steam  pipe  being 
attached  to  the  boiler  too  close  to  the  water  surface,  or  the 
absence  of  a  dry  pipe  may  offer  an  inducement  for  water  to 
enter  the  steam  pipe. 
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20.  Foaming. — The  changing  of  a  body  of  water,  vary- 
ing in  depth,  at  the  normal  steaming  level  of  a  boiler  into 
foam  is  called  foaming.  This  phenomenon  shows  itself  in 
the  water  gauge  glass  by  a  violent  and  abnormal  agitation 
and  the  absence  of  a  well*defined  water-line.  It  is  extremely 
difficult  to  draw  a  sharp  line  of  demarkation  between  foaming 
and  priming,  as  the  causes  that  produce  priming  may  also 
produce  foaming,  and  the  same  remedies  will  stop  it  in  most 
cases.  Foaming,  may,  however  be  caused  by  an  excess  of 
soda  introduced  in  the  boiler,  by  dirty  or  greasy  water,  and 
also  by  running  from  salt  to  fresh  water,  or  vice  versa,  pro- 
vided that  the  make-up  feedwater  is  taken  from  overboard. 
If  the  engines  are  suddenly  stopped  while  the  boilers  are 
foaming,  the  safety  valves  or  bleeder  should  be  immediately 
opened  so  as  to  keep  the  water  foaming,  otherwise,  when  the 
water  level  falls,  some  portions  of  heating  surfaces  may  be 
uncovered  and  burnt.  When  foaming  is  caused  by  dirty  or 
greasy  water,  much  of  the  dirt  and  grease  may  be  got  rid  of 
by  blowing  it  out  through  the  surface  blow. 


GENERAT.    BOILER    MANAGEMENT    AT    SEA 

21.  Feed>vater  Regrulation. — Each  marine  boiler  is 
supplied  with  feed  check-valves  and  feed  stop-valves  for  the 
main  feed  and  for  the  auxiliary.  As  a  general  rule,  the 
check-valves  are  of  the  adjustable-lift  type;  in  that  case, 
the  amount  of  water  entering  each  boiler  is  regulated  by 
varying  the  lift  of  the  check-valve.  If  the  check-valves  are 
non-adjustable,  the  feed  stop-valve  is  used  for  regulating  the 
water  supply.  In  practically  all  sea-going  vessels,  feed- 
pumps are  run  so  as  to  keep  the  water  level  in  the  hotwell 
constant,  and  consequently  they  deliver  practically  the  cor- 
rect quantity  of  water  required  for  the  boilers.  This  fact 
permits  the  water  tender  to  so  adjust,  by  trial,  the  feed-valves 
that  the  water  level  in  all  the  boilers  will  remain  practically 
constant.  When  the  water  level  in  all  the  boilers  is  gradu- 
ally dropping  while  that  in  the  hotwell  remains  constant,  it 
shows  the  need  of  additional  feedwater,  which  is  taken  from 
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the  salt  feed,  fresh-water  tanks,  or  evaporator,  according  to 
circumstances.  A  gradual  rising  of  the  water  level  in  all 
the  boilers  indicates  that  an  undue  quantity  of  water  is  enter- 
ing the  hotwell,  most  likely  through  the  salt  feed  being 
partly  open,  or  through  burst  condenser  tubes. 

22.  Saturation  Kesulatlou. — With  surface  condensing 
engines  in  perfect  order,  very  little,  if  any,  salt  water  need 
ever  enter  the  boilers,  if  the  ship  is  fitted  with  an  evaporator 
or  ample  fresh-water  tanks.  In  this  case,  there  is  little  need 
of  testing  the  saturation  of  the  water  in  the  boilers  more 
than  once  or  perhaps  twice  a  day,  as  at  least  once  every 
four  hours  the  engineer  on  watch  should  test,  by  tasting,  the 
water  in  the  hotwell  to  discover  if  any  sea-water  reaches 
the  steam  side  of  the  condenser.  When  this  is  found  to  be 
the  case,  and  it  cannot  be  remedied  before  reaching  port,  the 
saturation  will  have  to  be  tested  quite  frequently  to  note  the 
rate  at  which  it  increases  and  thus  enable  the  engineer  in 
charge  to  determine  whether  blowing  off  will  have  to  be 
resorted  to  before  making  port.  Generally  speaking,  it  is 
not  necessary  to  blow  off  until  the  saturation  reaches  ^  or  A". 
In  blowing  oif,  only  a  relatively  small  amount  of  water  can 
be  blown  off  at  a  time,  as  the  water  level  must  not  fall  below 
the  highest  point  in  contact  with  the  ^ases  of  combustion; 
the  water  level  must  then  be  restored  by  pumping,  and  the 
process  of  blowing  off  and  pumping  is  repeated  until  the 
saturation  has  been  sufficiently  lowered.  The  greatest  vigi- 
lance must  be  exercised  by  the  person  having  charge  of  the 
blowing  off  to  see  that  the  blow-off  cocks  are  fully  closed 
after  each  blowing  down. 

23,  Trliniuiiifj:  Ventilators. — Ventilators  are  provided 

on  board  ship  for  the  double  purpose  of  conveying  air  to  the 
furnaces  and  ventilating  the  fireroom,  and  it  is  important 
that  they  should  be  kept  trimmed  to  the  wind,  while  running, 
to  supply  the  necessary  amoinit  of  air.  The  tops  or  cowls 
of  ventilators  are  made  so  that  they  may  be  turned  toward 
the  direction  from  which  the  wind  is  blowing,  and  they  can 
usually  be  operated  from  the  fireroom.    If  the  vessel  changes 
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its  course  or  the  wind  shifts,  the  cowles  are  turned  so  that 
tjie  wind  will  blow  into  them. 

24.  Finding  Water  Level. — The  only  safe  and  reliable 
method  of  testing  the  height  of  the  water  in  a  boiler  is  by 
means  of  the  gauge-cocks.  The  glass  gauge  is  merely  a 
convenience,  and  it  is  not  intended  that  it  should  be  depended 
on  exclusively,  as  it  is  very  liable  to  become  stopped  up  with 
dirt  or  scale  and  thereby  show  a  false  water  level  in  the  boiler. 
The  glass  gauges  should  be  blown  through  frequently  and 
their  use  should  be  supplemented  by  the  frequent  opening 
of  the  gauge-cocks. 

25.  Care  of  Safety  Valves. — To  test  the  freedom  of 
working  of  safety  valves,  they  should  be  lifted  by  means  of 
the  hand  gear  at  least  once  a  day.  Should  any  safety  valve 
be  found  to  be  stuck  fast,  the  boiler  to  which  it  is  attached 
should  at  once  be  cut  out  of  service  and  the  repairs  made, 
unless  the  boiler  is  fitted  with  a  second  safety  valve  of  suffi- 
cient capacity  and  in  good  order,  in  which  case  repairs  can 
usually  be  deferred  until  the  vessel  reaches  port. 

Safety  valves  will  occasionally  leak,  and  thus  waste  fresh 
water,  through  a  chip  of  scale  or  some  other  foreign  sub- 
stance lodging  on  the  valve  seat.  This  can  usually  be  dis- 
lodged by  lifting  the  valve,  when  the  steam  will  blow  the 
obstruction  away.  A  leaky  safety  valve  should  be  repaired 
by  scraping  and  grinding  at  the  earliest  opportunity,  as  it  not 
only  wastes  steam,  which  means  fresh  water,  but  is  also  a 
great  annoyance  owing  to  the  noise  it  causes. 

26.  Care  of  Coal  Bunkers. — A  careful  watch  should 
be  kept  on  the  temperature  of  the  coal  bunkers.  Coals  that 
contain  sulphur,  especially  when  wet,  are  very  liable  to  ignite 
from  spontaneous  combustion.  If  the  'temperature  of  a 
bunker  should  rise  suddenly,  it  is  an  indication  that  spon- 
taneous combustion  is  in  progress,  and  the  bunker  should  be 
carefully  examined.  If  the  coal  is  found  to  be  on  fire,  it 
may  be  extinguished  by  the  fire  apparatus,  or  by  steam,  if 
pipes  are  fitted  for  that  purpose,  as  is  the  case  on  board 
modern  seagoing  vessels.     Coal  bunkers  should  be  ventilated 
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whenever  the  weather  conditions  on  deck  will  admit  of  this 
being  done  without  getting  water  into  the  bunkers.  Wet 
coal  should  never  be  stowed  in  a  ship's  bunkers.  Bituminous 
and  semibituminous  coals  are  more  susceptible  to  spon- 
taneous combustion  than  is  anthracite. 

27.  liow  Water  in  Boilers. — There  is  no  more  impor- 
tant duty  connected  with  the  management  of  boilers  than  to 
guard  against  letting  the  water  get  dangerously  low  in  any  of 
the  boilers.  The  principal  causes  of  low  water  in  boilers  are: 
insufficient  feedwater,  priming,  leaky  boilers,  improper  regu- 
lation of  the  check-valves,  irregular  firing,  and  sudden  stop- 
ping of  the  engines. 

Insufficient  feedwater  is  the  result  of  shortness  in  the  supply 
of  make-up  feedwater,  and  the  remedy  is  to  increase  that 
supply,  whether  it  be  from  overboard,  from  tanks,  or  from 
an  evaporator. 

Low  water  caused  by  priming  is  the  result  of  the  water 
being  carried  over  into  the  engines,  the  remedy  being  to 
check  the  priming  and  increase  the  feed. 

Leaks  in  boilers  may  cause  low  water  if  they  are  numerous 
or  extensive.  When  low  water  results  from  this  cause,  put 
on  all  the  feed  that  is  necessary  to  keep  the  water  in  sight  in 
the  glass  gauge,  and  stop  the  leaks  at  the  earliest  oppor- 
tunity. 

If  the  check-valves  are  not  properly  adjusted,  obviously 
the  remedy  is  to  regulate  them  so  that  each  boiler  will  get 
the  amount  of  water  that  it  requires. 

Irregular  firing  will  cause  a  boiler  to  require  more  feed- 
water  at  one  time  than  another;  this  will  necessitate  frequent 
adjustment  of  the  check-valves,  which  if  not  carefully  attended 
to  will  result  in  that  boiler  getting  too  much  feedwater  at  one 
time  and  not  enough  at  another  time. 

When  the  main  engines  are  running  at  full  speed,  the  water 
level  in  the  boilers  is  usually  higher  than  when  the  engines 
are  at  rest;  and  when  the  engines  are  suddenly  stopped,  the 
water-line  almost  instantly  falls  to  its  true  level,  which  may 
be  below  the   gauge  cocks.     When  this  occurs,   the  safety 
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valve  or  bleeder,  or  both  if  necessary,  should  be  opened  so 
as  to  keep  the  water  lifting:  until  the  water  level  is  pumped 
up  above  the  danger  point. 

When  the  water  level  in  a  boiler  drops  below  the  gauge 
cocks  or  out  of  sight  in  the  gauge  glass,  its  exact  location  is 
unknown.  Some  portion  of  the  heating  surface  may  be 
uncovered  and  become  very  hot.  If  such  be  the  case,  it  will 
be  unsafe  to  put  on  the  feed,  as  that  act  might  result  in  the 
explosion  of  the  boiler;  the  fires  should  be  deadened  as 
quickly  as  possible  by  throwing  wet  ashes  or  fresh  coal  on 
them,  the  boiler  cut  out  of  service,  and  then  allowed  to  cool. 
The  fires  may  be  hauled  after  they  have  been  thoroughly 
deadened.  After  the  boiler  is  cool  enough  to  be  entered,  a 
thorough  examination  should  be  made  of  it,  noticing  partic- 
ularly the  high  parts  of  the  heating  surface.  If  the  boiler  is 
not  seriously  damaged,  the  fires  may  be  started  again,  steam 
raised,  and  the  boiler  put  into  service.  But  if  any  serious 
injury,  such  as  the  cracking  or  burning  of  any  of  the  plates, 
has  been  sustained,  the  boiler  must  remain  out  of  service 
until  it  is  repaired. 

28*     Importance  of  Carryinii:  a  Uniform  Pressure. 

In  order  to  obtain  the  best  results  from  the  engines  and 
boilers  for  the  amount  of  coal  burned,  it  is  necessary  that 
the  engines  be  kept  running  at  a  steady  speed.  This  requires 
a  uniform  pressure,  which  can  be  maintained  only  by  regular 
firing  and  a  steady,  continuous  feed.  A  certain  proportion 
of  the  fires  should  be  kept  in  the  best  possible  condition  to 
make  steam  while  the  other  fires  are  being  worked.  Two 
fires  in  the  same  boiler  should  not  be  worked  at  the  same 
time.  A  routine  of  firing,  or  a  system  of  working  the  fires 
by  which  each  fire  will  be  worked  at  regular  intervals  in  its 
turn,  should  be  inaugurated. 

29.  Sweepinj?  Tubes  While  Under  Way. — When  the 
coal  used  is  very  fine  and  dry  and  of  a  variety  that  does  not 
coke,  large  quantities  of  soot  and  coal  dust  collect  in  the 
tubes  of  fire-tube  boilers,  which  reduce  the  draft  area, 
thereby  affecting  the  draft  unfavorably.     Besides,  soot  is  a 
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non-conductor  of  heat,  and  a  coating  of  it  on  the  heating: 
surfaces  of  a  boiler  will  retard  the  passage  of  the  heat  into 
the  water  and  permit  a  large  part  of  the  heat  to  escape  up 
the  smokestack  ancj  thus  be  lost.  When  this  occurs,  it  is 
necessary  to  sweep  the  soot* out  of  the  tubes  to  get  the  best 
results  for  the  coal  burned.  The  method  usually  employed 
in  sweeping  the  tubes  is  to  Use  the  sieavi  tube  cleaner,  which 
consists  of  a  length  of  steam  hose  one  inch  or  more  in 
diameter,  one  end  of  which  is  attached  to 'any  convenient 
steam  connection,  with  a  nozzle  on  the  other  end.  The  nozzle 
is  inserted  into  the  front  end  of  the  tube  and  the  steam  turned 
on,  the  jet  of  steam  blowing  the  soot  into  the  back  connec- 
tions. If  the  soot  has  become  incrusted  in  the  tubes,  a  wire 
tube  brush  or  a  tube  scraper  will  be  required  to  remove  it.  As 
the  connection  doors  must  be  open  while  sweeping  tubes,  the 
operation  should  be  performed  as  quickly  as  possible  and  the 
doors  then  closed.  Only  one  nest  of  tubes  should  be  swept 
at  a  time. 

30.  Cuttinpr  Out  a  Boiler. — Emergencies  frequently 
arise  whereby  it  is  necessary  to  quickly  cut  a  boiler  out  of 
service  for  the  purpose  of  making  temporary  repairs,  or  to 
prevent  damage  or  interference  in  working  the  fires  from 
escaping  steam  or  scalding  water.  Such  casualties,  for 
instance,  as  the  collapsing  of  a  tube,  the  blowing  out  of  a 
manhole  or  handhole  gasket,  or  a  serious  leak  developing 
anywhere  about  a  boiler  will  necessitate  such  a  course. 
When  it  becomes  necessary  to  cut  out  a  disabled  boiler,  the 
fires  should  be  quickly  covered  with  wet  ashes  and  the  steam 
worked  off  by  the  engines  until  the  pressure  commences  to 
fall;  then  the  stop-valve  of  the  disabled  boiler  should  be 
closed  and  its  safety  valve  opened.  When  the  pressure  has 
fallen  to  a  point  considerably  below  the  normal,  the  fires 
may  be  hauled,  care  being  taken  that  enough  pressure  is 
retained  to  blow  the  water  level  below  the  leak,  in  case  it 
should  be  necessary  to  do  so.  If  the  leak  is  below  the 
normal  water  level,  the  feed  should  be  kept  on  full  until 
after  the  fires  are  hauled  so  that  the  heating  surfaces  will  be 
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protected  while  hauling  the  fires;  then  shut  off  the  feed  and 
open  the  bottom  blow  cock  and  blow  the  water  level  below 
the  leak.  After  the  boiler  has  cooled  sufficiently  proceed 
to  repair  the  leak.  If  the  boilers  are  fitted  with  dumping: 
S:rates,  the  fires  may  be  dropped  into  the  ash-pits  instead  of 
being  covered  with  ashes;  or  if  the  furnaces  are  provided 
with  spray  nozzles,  they  may,  in  case  of  a  great  emergency, 
be  used  for  extinguishing  the  fires. 

31.  Main  Feed-Pump  Broken  Down. — Should  the. 
main  feed-pump  become  inoperative,  one  or  more  of  the 
auxiliary  pumps  should  be  immediately  put  into  operation 
to  supply  the  boilers  with  water.  The  main  feed-pump 
should  then  be  examined  to  ascertain  the  trouble.  It  may 
be  that  a  valve  is  caught  up  or  broken;  the  piston  or 
plunger  packing  may  be  blown  out,  or  leaking  to  such  an 
extent  that  the  pump  can  neither  take  nor  throw  water. 
The  feedwater  may  be  so  hot  that  vapor  has  been  formed 
in  the  pump  barrel  and  prevents  the  water  flowing  into  it. 
If  the  derangement  is  in  the  valves,  they  should  be  repaired 
or  new  ones  inserted.  If  the  piston  or  plunger  packing  is 
the  cause  of  the  trouble,  it  should  be  renewed.  If  the  feed- 
water  is  too  hot,  its  temperature  should  be  lowered  by  giving 
the  condenser  more  injection  water. 

32.  Relieving  Watches. — The  men  on  duty  at  a  given 
time  in  the  fireroom  and  engine  room,  that  is,  the  watch,  are 
changed  every  four  or  six  hours,  as  a  general  rule.  The 
watch  coming  on  duty  to  relieve  the  outgoing  watch  must 
not  only  be  prompt,  but  must  also  be  satisfied  by  proper  and 
careful  examination  that  the  fires,  ash-pits,  etc.  are  all  right, 
that  the  boilers  contain  plenty  of  water,  that  the  feed  check- 
valves  are  not  stuck,  that  the  steam  pressure  is  not  unduly 
low,  that  no  blow-off  cock  has  been  left  partly  open,  that  all 
ashes  have  been  disposed  of,  etc.  before  relieving.  Whoever 
is  in  charge  of  the  incoming  fireroom  watch  must  bear  in  mind 
that  by  relieving  the  outgoing  watch  he  at  once  assumes 
full  and  undivided  responsibility  for  all  existing  conditions 
in  his  department,  and  cannot  shift  this  responsibility  by 
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the  plea  of  lack  of  knowledge.  He  is  supposed  not  to 
assume  responsibility  until  he  knows  that  everything  is  in 
good  and  proper  condition,  and  to  refuse  to  relieve  until 
matters  that  are  wrong  have  been  righted. 


COMING    TO 

33.  As  a  vessel  approaches  her  port  of  destination,  the 
fires  should  be  allowed  to  burn  down  gradually,  so  that 
they  will  be  nearly  burned  out  by  the  time  the  vessel  is 
secured  to  the  dock  or  at  anchor.  The  object  of  this  is  to 
save  coal  and  to  obviate  the  waste  and  noise  of  blowing  off 
the  surplus  steam  through  the  safety  valves;  it  also  saves 
the  labor  of  hauling  or  banking  heavy  fires.  The  exact  time 
to  stop  firing  depends  on  the  kind  and  quality  of  the  coal 
burned,  the  type  of  boilers  used,  and  a  knowledge  of  the 
harbor,  or  on  definite  information  as  to  the  time  the  vessel 
will  be  brought  to.  Even  then  good  judgment  is  essential, 
else  the  fires  may  burn  out  before  the  vessel  is  secured, 
which  might  result  disastrously  in  a  harbor  crowded  with 
shipping  or  on  encountering  an  unusually  strong  ebb  tide. 

34.  As  the  fires  burn  down,  the  steam  pressure  should 
also  be  allowed  to  drop  considerably  below  the  normal,  but 
not  below  the  point  required  to  work  the  engines  properly. 
The  object  of  this  is  to  keep  the  steam  pressure  under  con- 
trol and  obviate  blowing  off  steam  through  the  safety  valves 
or  opening  the  furnace  doors  and  connection  doors  while  the 
engines  are  being  worked  to  signals.  If  the  pressure  should 
rise  to  the  blowing-off  point,  the  excess  of  steam  may  be 
disposed  of  by  using  the  bleeder.  When  the  signal  to  slow 
down  the  engines  is  received  from  deck,  the  blowers  should 
be  stopped,  if  forced  draft  is  used,  and  the  damper  closed. 
If  the  pressure  has  been  allowed  to  fall  sufficiently,  nothing 
else  need  be  done  for  the  time  being  but  to  stand  by  for  the 
next  signal  from  deck.  This  will  probably  be  to  stop  the 
engines,  followed  by  a  series  of  signals  to  back,  stop,  and  go- 
ahead,  which  is  called  icorking  the  cni^iius  to  s/^md/sy  and 
is  for  the  purpose  of  bringing  the  ship  to  her  berth.     During 
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this  time  the  blowers,  damper,  feed  stop-valve,  and  bleeder 
should  be  operated  as  circumstances  require,  for  which  no  set 
rules  can  be  laid  down,  as  the  conditions  will  vgry  with  each 
case.  The  main  object  is  to  keep  the  pressure  under  control 
and  avoid  blowing  off  steam  or  opening  the  furnace  and  con- 
nection doors  if  possible,  but  should  the  necessity  of  doing 
so  arise  there  should  be  no  hesitancy  in  resorting  to  these 
methods  of  reducing  the  pressure, 

35.  If  one  of  the  main  boilers  is  to  be  used  as  the  donkey 
boiler,  the  fires  should  be  kept  in  it,  and,  after  the  ship  has 
been  secured,  all  communication  between  it  and  the  other 
boilers  should  be  closed,  and  the  auxiliary  steam  and  feed- 
systems  to  it  should  be  opened.  If  the  vessel  is  provided 
with  a  separate  donkey  boiler,  the  fire  may  be  started  in  it 
with  live  coals  from  the  main  boilers. 

36.  After  the  vessel  is  secured  in  her  berth,  the  notifi- 
cation '^through  with  the  engines'*  will  be  received  from 
deck.  The  engineer  of  the  watch  will  then  give  orders  as  to 
what  shall  be  done  with  the  fires — whether  hauled,  banked, 
or  allowed  to  die  out.  Hauling  fires  is  not  good  practice,  as 
it  allows  the  boilers  to  cool  down  too  rapidly;  the  modern 
and  best  method  is  to  let  the  fires  die  out.  This  is  done 
by  closing  all  the  doors  and  the  damper  for  the  purpose  of 
excluding  the  air  from  the  fires.  The  common  practice  is 
to  keep  the  boilers  closed  until  the  next  morning  after  com- 
ing to,  when  they  will  be  cool  enough  to  ent&r  for  the  pur- 
pose of  cleaning  them.  While  the  boilers  are  being  closed 
up,  the  boiler  stop-valves  should  be  closed,  also  the  feed 
stop-valves,  the  steam  should  be  shut  off  the  steering  engine, 
and  the  drain  cocks  on  the  shut-off  steam  pipes  opened. 

If  the  vessel  is  to  remain  in  port  a  few  hours  only,  the 
fires  are  usually  banked.  In  this  case,  the  boiler  stop-valves 
are  allowed  to  remain  open,  but  the  main-engine  stop-valves 
are  closed. 

37.  If  the  boilers  require  examination  and  subsequent 
overhauling  they  must  be  emptied  by  blowing  down  or  other- 
wise.    The  method  of  procedure  depends  on  the  location  of 
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the  boilers,  the  time  the  vessel  will  be  in  port,  and  the  facil- 
ities provided  for  emptying  the  boilers. 

If  conditions  permit,  it  is  best  to  allow  the  boilers  to  cool 
down  and  to  pump  the  water  from  them,  if  located  below  the 
water-line  of  the  vessel,  or  to  let  the  water  rim  out  through 
the  bottom  blow-off  cocks  if  the  boilers  are  located  above  the 
water-line,  as  is  common  in  river  steamboats.  If  this  practice 
is  adopted,  none  of  the  impurities  in  the  boilers  will  be  baked 
on  the  plates,  tubes,  etc.  Either  a  manhole  or  handhole 
above  the  water-line  of  the  boilers  should  be  opened,  or  the 
safety  valves  should  be  blocked  open,  to  admit  air  to  the 
boilers,  before  attempting  to  empty  them. 

When  the  boilers  are  located  below  the  water-line  of  the 
vessel  and  cannot  readily  be  pumped  out,  either  for  lack  of 
time  or  facilities,  they  must  be  blown  down  under  steam  pres- 
sure. This  should  be  allowed  to  fall  to,  say,  20  pounds  per 
square  inch,  and  the  blow-off  cocks  opened  gradually  and  not 
too  much  in  order  to  keep  down  the  vibrations  of  the  hull 
caused  by  blowing  the  hot  boiler  water  into  the  cold  water 
surrounding  the  vessel.  Care  must  be  taken  to  close  the 
blow-off  cocks  promptly  when  the  boilers  are  empty. 
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MANAGEMENT  IN  PORT 


CliBANING,   OVERHAUIiING,  AND  liAYING  UP 


CLEANING    AND    SCALING    BOILERS 

38,  After  a  vessel  has  arrived  in  port,  and  as  soon  as 
the  boilers  have  cooled  off,  the  furnace  doors,  ash-pit  doors, 
and  connection  doors  are  opened,  the  boilers  are  emptied  by 
whatever  method  is  most  convenient,  and  the  manhole  and 
handhole  cover-plates  are  taken  off.  The  tubes  are  then 
swept,  and  the  boilers  cleaned  out  and  scaled.  The  scale  is 
removed  by  means  of  scaling  hammers,  steel  scrapers,  and 
chisel  bars.  Especial  care  should  be  taken  not  to  force  the 
edges  of  the  chisel  bars  into  the  seams  and  thereby  cause 
leaks.  All  grease  should  be  carefully  removed  from  the 
water  side  of  the  heating  surfaces.  After  all  the  scale  has 
been  loosened  and  swept  into  the  water  bottoms,  it  may 
be  drawn  out  through  the  lower  handholes  by  a  small  long- 
handled  hoe.  A  strong  stream  of  water  from  a  hose  directed 
through  the  upper  manhole  of  a  boiler  will  assist  very 
materially  in  dislodging  loosened  scale  and  dirt  and  washing 
them  into  the  water  bottom.  The  stream  of  water  may 
then  be  directed  into  the  water  legs  and  water  bottoms  to 
wash  them  out.  If  any  evidence  of  leaks  is  discovered 
during  the  process  of  cleaning  and  scaling,  the  location  of 
the  leaks  should  be  marked  with  white  chalk,  so  that  they 
may  afterwards  be  readily  found  for  calking. 

After  the  boilers  have  been  cleaned,  scaled,  and  washed 
out,  the  engineer  in  charge  of  the  work  should  make  a 
thorough  inspection  of  them.  It  is  assumed  that  he  has 
kept  a  list  of  all  defects  that  have  developed  during  the  last 
run,  and  it  is  now'  his  duty  to  closely  examine  those  defects 
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and  determine  how  they  shall  be  treated.  After  entering 
a  boiler,  the  engineer  should  note  if  it  has  been  properly 
cleaned  and  scaled;  he  should  caliper  the  braces  to  ascertain 
if  they  have  been  thinned  by  corrosion  to  any  extent;  also, 
he  should  examine  the  ends  of  the  braces  or  stayrods  to  ascer- 
tain if  the  fastenings  are  in  good  condition,  tapping  the 
braces  lightly  with  a  hammer  to  learn  if  any  are  loose.  He 
should  look  at  the  gauge  and  other  pipe-connection  open- 
ings, and  at  the  fusible  plugs,  examine  the  leaks  that  were 
marked  with  chalk  while  the  boilers  were  being  cleaned, 
and  any  other  leaks  that  may  be  on  his  list,  look  through 
the  tubes  and  examine  the  tube  ends,  inspect  the  dry  pipe,  look 
for  blisters,  bulges,  and  cracks  in  the  plates  and,  if  any  are 
found,  ascertain  their  extent  and  determine  how  they  shall 
be  treated.  If  any  plates  are  found  that  show  extensive  cor- 
rosion, they  should  be  drilled  and  their  thickness  measured. 
After  the  engineer  has  made  a  thorough  inspection  of  all  the 
boilers,  he  should  at  once  commence  work  on  the  repairs. 


OVERHAULING 

39,  Overhauling  boilers  consists  principally  of  calking 
the  leaks,  reexpanding  or  renewing  leaky,  corroded,  or  split 
tubes,  cutting  out  and  renewing  those  rivets  and  staybolts 
that  leak  too  much  to  be  calked  effectively,  replacing  soft 
patches  by  hard  patches,  and  treating  cracks,  bulges,  and 
blisters  in  plates,  if  any  are  found,  according  to  the  neces- 
sities of  each  case.  After  the  repairs  in  the  interiors  of  the 
boilers  are  completed,  remove  from  the  boilers  all  tools, 
lamps,  pieces  of  waste,  etc.,  and  clean  all  oil  and  grease  off 
the  water  side  of  the  heating  surfaces  very  thoroughly. 
Paint  the  exteriors  of  the  boilers,  if  they  recjuire  it,  and 
repair  the  boiler  coverings.  Make  new  joints  in  pipes, 
and  renew  split  pipes  and  pipe  coverings  wherever  needed. 
Overhaul  all  cocks  and  valves  in  the  rtreroom  and  grind  in 
or  pack  all  those  that  leak.  Kxaniine  and  clean  out  all  drain 
pipes.  Clean  off  all  manhole  and  handholc  cover-plates 
and   their   seats   and   renew   all    defective    gaskets.     Repair 
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•bridge  walls.  Examine  and  renew  all  defective  grate  bars 
and  bearing  bars.  Test  steam  gauges  if  they  have  shown 
any  derangement.  After  all  these  instructions  have  been 
carried  out,  the  boilers  may  be  reported  ready  for  service. 


LATINO    UP    BOIL.SR8 

40*  When  a  vessel  is  to  be  laid  up  for  an  indefinite 
length  of  time  the  boilers  should  receive  the  closest  atten- 
tion, as  no  part  of  the  equipment  of  a  steam  vessel  will 
deteriorate  more  rapidly  when  not  in  use  than  the  boilers, 
situated,  as  they  are,  in  the  hold  of  the  vessel  where,  in 
laid-up  ships,  the  atmosphere  is  always  damp.  If  the  boilers 
are  not  properly  laid  up  and  well  cared  for  afterwards,  it  is 
very  probable  that  they  will  be  found  to  be  so  much  corroded 
when  the  vessel  is  again  put  into  commission  that  they  will 
require  extensive  repairs  or  else  be  entirely  useless  as  steam 
generators,  thus  entailing  great  expense  to  repair  or  renew 
them  and  causing  serious  delay  in  the  use  of  the  vessel  at  a 
time  when  her  services  may  be  greatly  needed.  The  tubes 
are  particularly  susceptible  to  deterioration  when  exposed  to 
dampness.  Under  these  conditions,  they  soon  become  pitted, 
and  it  is  merely  a  question  of  time  when  they  will  become 
corroded  through  in  places,  which  will  necessitate  an  entire 
new  set  of  tubes.  The  metal  of  the  boilers  in  a  laid-up 
vessel's  hold  is  usually  several  degrees  colder  than  the  sur- 
rounding atmosphere,  and  if  there  is  much  moisture  in  the 
air,  as  there  will  be  whenever  the  weather  is  damp,  the 
boilers  will  sweat;  that  is,  the  moisture  in  the  air  will  be 
condensed  on  the  boiler  plates  in  the  form  of  beads  or  drops, 
which  will  trickle  down  the  surfaces  of  the  plates,  leaving  wet 
streaks,  producing  the  best  possible  condition  for  corrosion. 

41.  When  a  vessel  is  about  to  be  laid  up,  two  points 
regarding  the  boilers  must  be  taken  into  consideration: 
whether  the  vessel  is  to  be  laid  up  with  the  intention  of 
thoroughly  overhauling  and  repairing  her  before  putting  her 
into  active  service  again,  or  whether  she  has  been  over- 
hauled and  repaired  before  being  laid  up,  so  as  to  be  in 
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readiness  for  immediate  service  when  needed.  In  the  first 
case,  the  boilers  need  to  be  simply  cleaned  of  dirt  and  loose 
scale  and  thoroughly  dried  inside  and  outside  preparatory  to 
being  laid  up.  The  scale  that  adheres  to  the  plates  need  not 
be  removed,  as  it  will  act,  to  a  certain  extent,  as  a  protection 
against  corrosion.  But  in  the  second  case,  the  boilers  should 
be  thoroughly  cleaned,  scaled,  repaired,  and  painted  before 
bjsing  laid  up,  and  greater  care  should  be  taken  of  them 
afterwards,  in  order  that  they  may  be  in  the  best  possible 
condition  when  the  vessel  is  put  into  active  service. 

42.  Two  methods  of  laying  up  boilers  are  practiced; 
namely,  the  dry  method  and  the  wet  method.  Which  method 
to  adopt  will  depend  on  the  care  that  will  be  given  the 
boilers  while  they  are  laid  up;  but  whichever  method  is 
adopted  they  must  be  properly  cared  for,  meanwhile,  if  they 
are  expected  to  escape  the  destructive  effects  of  corrosion 
and  be  found  in  good  condition  when  they  are  required  for 
service.  Laying  up  the  boilers  properly  will  not  alone  be 
sufficient  for  their  best  preservation;  they  must  be  kept 
under  constant  observation,  and  all  deterioration  must  be 
checked  as  soon  as  discovered. 

43,  The  dry  method  of  layingr  up  boilers  is  to  thor- 
oughly dry  all  parts  of  the  boilers,  particularly  the  water 
bottoms  and  water  lejjs,  before  laying  them  up;  and  keep 
them  perfectly  dry  while  they  are  laid  np.  To  accomplish 
this,  all  the  manhole  and  handhole  cover-plates  should  be 
taken  off  to  afford  a  circulation  of  air  through  the  boilers, 
and  they  should  be  examined  at  least  once  every  day,  par- 
ticularly during  damp  weather,  and  if  any  moisture  appears 
on  the  plates,  light  fires  of  shavin<^s  should  be  started  in  the 
furnaces  and  the  fires  kept  up  until  all  moisture  has  disap- 
peared. Or,  better  still,  one  or  more  larg^e  coal  stoves 
should  be  set  up  in  the  fireroom  and  fires  started  in  them 
whenever  any  moisture  appears  on  the  i^lates.  To  carry  out 
this  method  properly,  the  furnace,  connection,  and  ash-pit 
doors  and  the  damper  should  be  opened  and  the  smokestack 
hood  should  either  be  taken  off  or  else  raised  a  short  distance 
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above  the  top  of  the  pipe,  so  that  there  will  be  a  circulation 
of  warm  air  through  the  fire  sides  of  the  boilers.  As  an 
additional  precaution,  the  boilers  should  be  occasionally 
inspected  by  an  experienced  marine  engineer  and  his  sug- 
gestions and  recommendations  in  regard  to  their  preserva- 
tion should  be  closely  followed.  The  cost  of  carrying  out 
this  method  of  preserving  the  boilers  of  a  laid-up  vessel  will 
be  trifling  compared  with  the  loss  by  deterioration  if  they 
are  neglected.    . 

44.  Another  dry  method  of  laying  up  a  ship*s  boilers  that 
is  sometimes  practiced  is  as  follows:  After  the  interiors  of 
the  boilers  have  been  thoroughly  dried,  pans  of  chloride  of 
lime  are  placed  inside  of  the  water  spaces  and  the  manhole 
and  handhole  cover-plates  are  put  on  to  exclude  the  outside 
air.  The  chloride  of  lime,  having  a  great  affinity  for  the 
vapor  of  water,  will  attract  and  absorb  the  moisture  from  the 
air  inside  the  boilers,  and  thus  prevent  it  condensing  on  the 
plates.  But  this  is  only  a  half-way  measure,  so  to  speak,  and 
it  is  not  to  be  recommended,  because  the  water  sides  of  the 
plates  only  are  protected,  while  their  fire  sides  and  the  out- 
side surfaces  of  the  shells  are  left  to  take  care  of  themselves. 

45.  The  >vet  method  of  laying  up  boilers  is  as  follows: 
After  the  boilers  have  been  cleaned  out,  the  manhole  and 
handhole  cover-plates  are  put  on  and  screwed  up  water-tight; 
the  stop-valves,  and  all  other  valves  on  the  boilers,  are  tightly 
closed.  The  boilers  are  then  entirely  filled,  up  to  the  safety 
valves,  with  water,  and  they  are  thus  allowed  to  remain  until 
the  vessel  is  again  required  for  service.  The  idea  underly- 
ing this  method  is  that  since  the  air  is  excluded  from  contact 
with  the  metal  by  the  water,  oxidation  of  the  metal,  that  is,  . 
corrosion,  is  prevented.  There  are  several  very  grave  objec- 
tions to  this  method,  however.  In  the  first  place,  the  sur- 
faces of  the  steam  spaces  and  water  spaces  are  the  only  parts 
that  are  protected  by  the  water,  and  all  the  other  parts  of  the 
boiler  are  exposed  to  the  effects  of  corrosion.  Moreover,  it 
is  hardly  possible  that  a  boiler,  while  cold,  will  be  entirely 
free  from  small  leaks  through  which  water  will  find  its  way 
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and  trickle  down  over  the  plates,  leaving  streaks  of  dampness 
in  their  wakes.  The  damp  streaks  will  quickly  corrode,  and 
if  unchecked,  the  process  of  decay  will  progress  rapidly. 
If  this  state  of  affairs  is  permitted  to  continue  without 
hindrance  for  a  considerable  length  of  time,  the  boilers  will 
be  found  to  be  in  a  deplorable  condition  when  the  time  arrives 
to  put  them  into  service,  and  the  necessity  of  a  general  over- 
hauling will  be  the  result.  It  is,  therefore,  plain  that,  unless 
the  boilers  are  entirely  free  of  leaks,  the  .wet  method  of 
laying  them  up  isr  attended  with  considerable  risk. 

46.  It  seems  to  be  the  consensus  of  opinion  amonsT 
marine  engineers  that  the  dry  method  is  the  better  method 
of  laying  up  marine  boilers,  if  it  is  properly  carried  out,  for 
the  reasons  that  all  parts  of  the  boilers  are  open  to  observa- 
tion, and  if  any  deteriorating  influences  arise  they  may  be 
detected  and  checked  in  their  early  stages.  In  summing  up 
the  evidence  on  all  sides,  the  conclusion  may  be  reached  that 
the  preservation  of  laid-up  boilers  will  depend  principally  on 
their  being  kept  free  from  moisture. 


INSPECTION 


OCULAR    INSPECTION 

47,  Inspection  of  boilers  is  one  of  the  most  important 
duties  of  an  engineer,  because  on  this  depends  largely  their 
safety  and  good  condition.  Owing  to  the  several  deterio- 
rating agents  that  tend  to  weaken  and  shorten  the  life  of  a 
boiler  if  their  effects  are  neglected,  it  is  important  that 
.  inspections  should  be  held  periodically  and  notes  made  of  the 
general  condition  from  time  to  time.  An  engineer  should 
not  depend  entirely  on  the  report  of  a  government  inspector 
on  the  condition  of  his  boiler,  but  should  make  inspections 
himself  and  actually  see  the  condition  of  the  boiler,  the  idea 
being  that  very  valuable  knowledge  can  thus  be  gained. 

Every  part,  both  external  and  internal,  should  be  thoroughly 
examined.     Corrosion  and  its  progress  should  be  noted  and 
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action  taken  to  entirely  stop  it  or  at  least  to  limit  it  in  extent. 
Leaks  should  be  looked  for  and  stopped  immediately.  The 
internal  surfaces  of  the  plates  should  be  examined  at  the 
water-line  for  pitting  and  at  the  junction  of  the  plates  in 
the  seams  for  grooving.  The  condition  of  stays  and  braces, 
and  whether  they  are  tight,  should  be  noted.  Should  the 
staying  be  found  loose,  it  must  be  tightened  by  whatever 

means  are  available. 

» 

HAMMER    AND    HYDROSTATIC    TESTS 

48,  The  ocular  inspection  should  be  accompanied  by 
striking  the  plates,  stays,  and  tubes  with  a  hammer  to  deter- 
mine their  soundness;  this  is  called  a  hamnier  test.  Sound 
plates  and  tubes  when  struck  with  a  hammer  emit  a  clear, 
bell-like  ring,  while  those  that  are  thin  or  defective  give 
forth  a  dull  sound,  similar  to  that  of  a  piece  of  cracked  pot- 
tery. A  broken  stay  gives  a  peculiar  sound  that  cannot  be 
described  by  words. 

49,  The  hydrostatic  test  (filling  the  boiler  with  wat^er 
and  applying  a  pressure  by  means  of  a  pump  or  otherwise) 
is  valuable  only  in  showing  leaks  and  to  determine  the 
ability  of  the  boiler  to  withstand  a  prescribed  pressure.  It 
will  not  reveal  weak  places,  unless  such  places  are  so  weak 
as  not  to  be  able  to  stand  the  required  pressure.  But  it 
frequently  happens  that  thin  places  do  stand  the  pressure  to 
an  astonishing  degree,  although  they  are  in  a  dangerous 
condition;  hence,  the  hydrostatic  test  should  always  be  sup- 
plemented by  an  ocular  inspection  and  a  hammer  test. 

An  objection  to  the  hydrostatic  test  is  that  there  is 
danger  of  straining  the  plates  beyond  the  elastic  limit  and 
that  thereby  a  boiler  may  be  permanently  injured  which 
would  have  been  safe  at  the  working  steam  pressure. 
The  inspectors  in  most  cases  depend  on  the  hammer  test 
and  on  ocular  inspection,  but  use  the  hydrostatic  test  for 
new  boilers,  old  boilers  that  have  just  been  extensively 
repaired,  and  all  boilers  that  cannot  be  examined  thoroughly 
inside  and  outside. 
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When  applying:  the  hydrostatic  test,  the  escape  of  air  from 
the  boiler  while  filling:  with  water  should  be  provided  for, 
leavinfiT  some  valve  or  cock  open  until  the  water  is  forced 
out  in  a  solid  stream.  The  valve  or  other  openinsr  used  for 
the  escape  of  air  must  be  located  as  hififh  as  possible,  so  that 
practically  little  or  no  air  remains  in  the  boiler  when  it  is 
closed.  The  necessity  of  this  precaution  is  obvious  when  it 
is  considered  that,  should  the  boiler  burst  under  pressure 
while  still  containing:  air,  the  parts,  by  reason  of  the  expan- 
sion of  the  air,  are  liable  to  fly  with  great  force,  perhi^Mi 
injuring  some  one  in  their  flight.  A  boiler,  from  which  all 
air  has  escaped,  bursting  under  the  hydrostatic  test  will,  not 
do  any  serious  damage. 

When  there  are  two  or  more  boilers  connected  by  pipinflf, 
the  intercommunication  being  broken  only  by  a  valve,  it  will 
be  necessary  to  place  a  blank  flange  between  the  valve  and 
the  boiler  that  is  to  be  tested,  thus  completely*  isolating  the 
boiler  from  those  in  operation.  This  is  done  as  a  measure 
of  safety,  which  the  valve  alone  is  not  capable  of  insuring. 

50.  In  making  the  hydrostatic  test,  the  pressure  must 
be  applied  very  slowly  and  carefully,  and  the  gauge  must  be 
watched  for  any  drop  of  pressure  that  would  denote  a  yield- 
ing of  some  part  of  the  boiler.  New  boilers  are  tested  by 
hydrostatic  pressure  to  reveal  leaky  joints  or  rivets.  When 
the  seams  or  •rivets  are  not  tight,  water  trickles  out  in 
drops  or  spins  out  in  a  stream.  Such  places  are  marked 
with  chalk  and  afterwards  recalked. 

The  rules  of  the  United  States  Board  of  Supervising 
Inspectors  of  Steam  Vessels,  of  the  British  Board  of  Trade, 
and  of  the  Canadian  Inspection  Service  provide  that  the 
hydrostatic  test  pressure  shall  be  li  times  the  working  pres- 
sure, while  Lloyd's  rules  and  those  of  the  Bureau  Veritas 
demand  a  hydrostatic  test  pressure  of  double  the  working 
pressure. 

51.  A  method  of  applying  the  hydrostatic  test  that  is 
used  by  many  engineers  is  to  fill  the  boiler  full  of  cold  water 
and  build  a  gentle  fire  in  the  furnace.     As  the  temperature 
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of  the  water  rises,  it  expands,  and  thus  subjects  the  boiler  to 
pressure.  It  is  urged  in  favor  of  this  method  that  the  pres- 
sure is  raised  steadily,  and  that  the  boiler  is  not  so  liable  to 
injury  as  it  is  when  subjected  to  sudden  and  jerky  rises  of 
pressure  due  to  the  working  of  a  pump.  The  temperature 
of  the  water  should  in  no  case  be  made  to  rise  above  212^, 
since,,  if  a  rupture  should  take  place,  the  pressure  of  the 
water  would  lower  to  that  of  the  atmosphere,  and  the  tem- 
perature of  the  water  being  above  the  boiling  point  at  atmos- 
pheric pressure,  a  quantity  of  the  water  might  suddenly 
become  steam  and  cause  an  explosion. 

The  inspection  of  steam  boilers  should  begin  at  the  place 
where  the  plates  are  manufactured  and  continue  as  long  as 
the  boiler  is  in  use. 
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INTRODUCTION 


WEAR  AND  TEAR 


CORROSION 

!•  Definitions. — Corrosion  in  boilers  may  be  defined 
as  the  eating  away  or  wasting  of  the  plates  due  to  the 
chemical  action  of  impure  water,  or  due  to  moisture.  It  is 
probably  the  most  destructive  of  the  various  forces  that  tend 
to  shorten  the  life  of  a  boiler.  Corrosion  is  of  two  forms — 
internal  and  external.  Internal  corrosion  may  present 
itself  as:    uniform  corrosio7i,  pitting  or  hojiey combing,  grooving. 

2.  Internal  Corrosion. — In  cases  of  uniform  corro- 
sion, large  areas  of  plate  are  attacked  and  eaten  away. 
There  is  no  sharp  line  of  division  between  the  corroded 
part  and  the  sound  plate,  and  oftentimes  the  only  way  of 
detecting  the  corrosion  is  by  testing  the  suspected  plate  with 
a  hammer  and  then  drilling  a  hole  through  it  to  ascertain  its 
thickness.  Corrosion  often  attacks  the  staybolts  and  rivet 
heads. 

3.  Pitting  or  lioneyconibiniir  is  easily  perceived. 
The  plates  are,  in  spots,  indented  with  holes  from  3V  to 
4  inch  deep.  The  appearance  of  a  pitted  plate  is  shown  in 
Fig.  1.  On  the  first  appearance  of  pitting,  the  affected 
surface  should  be  thoroughly  cleaned  and  a  good  coating 
of  thick  paint  made  of  red  lead  and  boiled  linseed  oil  applied. 
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This  treatment  should  be  given  from  time  to  time  to  insure 
protect ioD  to  the  metal. 

4.  Oroovlnff  is  generally  caused  by  the  buckling  action 
ot  the  plates  when  under  pressure.  Thus,  the  ordinary  lap 
joint  of  a  boiler  distorts  the  shell  slightly  from  a  truly  cylin- 
drical form,  and  the  st^am  pressure  tends  to  bend  the  plates 
at  the  joint.     This  bending  action  is  liable  to  start  a  small 


fracture  akinji  the  lap,  wliich,  being  acted  on  liy  Ihe  corro- 
sive agents  in  the  water,  soon  deepens  the  groove,  as  shown 
in  I'ig.  2.  The  score  made  along  the  seain  by  a  sharp  calk- 
ing tool,  when  used  by  careless  workmen,  is  almost  certain 
to  lead  to  grooving. 

5.  To  prevent  internal  corrosion,  the  fcedwater  should 
be  as  free  as  possible  from  corrosive  impuriiies.  When  bad 
water  must  be  used,  the  corrosive  impurities  should  be 
neutralized  by  adding;  alkaline  substances,  such  as  caustic 
soda  or  soda  ash.  Zinc  is  much  used  to  arrest  corrosion  in 
marine  boilers.  It  is  believed  by  some  that  corrosion  is  due, 
in  some  measure,  to  galvanic  action  between  the  non-homo- 
geneons  portions  of  the  iron  and  slct-l  iihitcs.  By  placing 
the  plates  in  connection  with  slabs  of  zinc,  a  galvanic  action 
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is  set  up  between  the  iron  and  zinc,  which  destroys  the  latter 
and  leaves  the  former  untouched. 

6,  External  Corrosion  of  Fire-Tube  Boilers. — Exter- 
nal corrosion  frequently  attacks  marine  boilers,  particularly 
when  they  are  neglected  or  laid  up.  The  causes  of  external 
corrosion  are  dampness  caused  by  leakage  from  joints, 
by  moisture  arising  from  drain  pipes,  blow-off  pipes,  damp 
atmosphere,  etc.  When  leakage  occurs  in  a  joint  that  is 
hidden  by  the  boiler  covering,  the  plates  may  be  corroded 
very  seriously  before  being  discovered.  External  corrosion 
should  be  prevented  by  keeping  the  boiler  shell  free  from 
moisture  and  by  repairing  all  leaks  as  soon  as  they  appear. 
Joints  and  seams  should  be  in  positions  where  they  may  be 
inspected  for  leaks.  Leakage  at  the  seams  may  be  caused 
by  delivering  cold  feedwater  against  hot  plates;  another  cause 
is  the  practice  of  emptying  the  boiler  while  hot  and  then 
refilling  with  cold  water  before  it  has  cooled  off.  The  leak- 
age  in  both  cases  may  be  traced  to  sudden  contraction  of  the 
plates  due  to  sudden  cooling.  In  any  case,  abrupt  changes 
in  the  temperature  of  the  shell  should  be  avoided.  The  rush 
of  cold  air  into  the  furnaces  of  a  boiler  when  the  doors  are 
opened  is  a  fruitful  source  of  leakage  and  fracture.  For  this 
reason,  a  boiler  should,  if  possible,  be  so  constructed  that 
none  of  the  seams  comes  in  contact  with  the  fire. 

7.  External  Corrosion  of  Water-Tube  Boilers. — In 

water-tube  boilers  of  the  inclined-tube  type,  external  corro- 
sion principally  attacks  the  ends  of  the  tubes  close  up  to  the 
headers  into  which  they  are  expanded,  and  especially  at  the 
back  ends.  This  is  caused  by  the  combined  action  of  leakage 
and  the  gases  of  combustion,  which  rapidly  destroys  the  tubes. 
This  corrosion  usually  extends  to  from  4  to  8  inches  from 
the  headers,  and  soon  small  pinholes  appear,  manifesting 
themselves  by  threadlike  streams  of  water  while  imder  pres- 
sure. In  the  course  of  time,  the  tubes  will  leak  around  the 
expanded  portion  in  the  headers,  though  unless  the  leak  is  a 
large  one  its  presence  may  not  even  be  suspected.  In  this 
type  of  boilers,  a  small  leak  around  a  tube  is  difficult  to 
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locate,  unless  the  tube  is  in  one  of  the  top  or  bottom  rows. 
Hence,  such  leaks  continue  for  a  considerable  length  of  time, 
partly  obscured  by  the  accumulation  of  soot,  until  the  tube 
becomes  eaten  away,  as  described  before.  When,  on  exam- 
ination, it  is  found  that  a  leak  exists  in  a  tube  near  the 
center  row,  though  the  particular  tube  cannot  be  exactly 
located,  it  is  advisable  to  expand  all  the  tubes  in  the  imme- 
diate vicinity  of  the  one  that  leaks,  so  as  to  make  sure  of 
expanding  the  right  one.  This,  of  course,  involves  more 
labor,  but  when  in  doubt  as  to  the  exact  tube  it  pays  to 
do  it. 


OVERHEATING    AND    LAMINATIONS 

8.  Overheating  may  be  caused  by  low  water  or  by 
incrustation.  When  a  plate  is  covered  by  a  heavy  scale,  the 
heat  is  not  carried  away  by  the  water  fast  enough  to  pre- 
vent a  rise  of  temperature,  the  plate  becomes  red  hot  and 
soft,  and  yields  to  the  steam  pressure,  forming  a  bulge  as 
shown  at  A  in  Fig.  8.  If  the  bulge  is  not  discovered  and 
repaired,  it  will  stretch  until  the  material  becomes  too  thin 
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to  withstand  the  pressure,  when  the  bulfi:e  bnrsts  and  an 
explosion  t\)ll(nvs.  The  vej^etable  or  animal  oils  carried  into 
the  boiler  from  a  surface  condenser  are  particularly  liable  to 
cause  the  ft)rmation  of  bulges  and,  in  Scotch  boilers,  the 
collapse  of  the  furnaces;  conseciuently,  the  j^rcatest  care 
should  be  exercised  not  only  to  keej)  oil  out  of  the  boilers, 
but  also  to  remove  fre(]uently  and  thorouj^hly  any  grease 
that,  in  spite  of  this  care,  may  have  found  its  way  into  ttie 
boilers. 


§17  MARINE-BOILER  REPAIRS  5 

9.  liaminations  in  a  plate  are  sometimes  developed  by 
the  action  of  the  fire,  causing  a  bag  or  blister  to  appear. 
Laminations  are  due  to  slag  and  other  impurities  in  the 
metal,  which  become  flattened  out  when  the  plates  are  rolled, 
as  shown  at  a,  a,  Fig.  4.  Under  the  action  of  heat,  the  part 
exposed  to  the  fire  will  form  a  blister,  as  shown  in  the  figure. 
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which  may  finally  open  at  the  point  b  or  r,  depending  on  the 
position  of  the  slag  in  the  plate.  The  laminated  portion  of 
the  plate  may  be  very  small;  in  that  case  a  hard  patch  may 
be  put  on.  If  there  are  a  number  of  laminations  in  the  same 
plate,  it  is  advisable  to  put  in  a  new  plate.  When  a  lami- 
nated or  an  otherwise  affected  portion  of  a  plate  has  to  be 
cut  out,  the  form  of  the  piece  cut  out  should  be  as  nearly 
circular  as  possible.  In  any  case,  no  sharp  corners  should 
be  made,  because  of  the  tendency  of  cracks  to  start  at  such 
places.  

BOILER    EXPIiOSIONS 


CAUSES 

1 0.  Boiler  explosions  can  be  caused  only  by  weakness 
of  the  boiler  or  by  overpressure  of  steam.  Either  the  boiler 
is  not  strong  enough  to  carry  its  ordinary  working  pressure  or 
else,  for  some  reason,  the  pressure  has  risen  above  the  usual 
point.  A  boiler  may  be  too  weak  to  sustain  the  required 
pressure  for  any  of  the  following  reasons:  It  may  be  improp- 
erly designed;  the  material  or  workmanship  may  be  faulty; 
it  may  have  become  weakened  by  corrosion  or  by  care- 
less or  reckless  management,  such  as  letting  cold  water 
come  in  contact  with  hot  plates,  or  blowing  off  the  boiler 
while  hot,  and  then  quickly  filling  it  with  cold  water.  When 
the  pressure  rises  above  the  point  for  which  the  safety 
valve  is  supposed  to  be  set,  the  fault  is  probably  due  to  the 
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stickinfir  fast  or  overweifirhtinfif  of  the  safety  valve.  Several 
very  disastrous  explosions  have  been  caused  by  dosinff  a 
stop-valve  between  the  safety  valve  and  the  boiler  while  dean- 
ins:  or  repairing  the  latter,  and  then  forsrettinfir  to  open  the 
stop*valve.  The  placing  of  a  stop-valve  between  the  boiler 
and  the  safety  valve  cannot  be  too  strongly  condemned;  if 
one  is  there,  it  should  be  so  secured  that  it  cannot  be  shut. 

It  was  formerly  believed  that,  if  the  water  levd  in  a  boiler 
fell  low  enough  to  uncover  the  heating  surface,  thus  per^ 
mitting  the  plates  to  become  very  hot,  and  the  feedwater 
was  then  turned  on,  an  explosion  was  inevitable.  Thia 
hypothesis,  however,  has  been  proved  by  extensive  experi- 
ments to  be  not  strictly  correct,  but  it  has  not  yet  been 
established  under  what  particular  or  peculiar  conditions  a 
boiler  will  or  will  not  explode  from  this  cause.  Therefore, 
the  safest  plan,  for  the  present  at  least,  is  to  refrain  from* 
turning  on  the  feedwater  when  the  exact  location  of  the 
water  level  is  unknown  or  uncertain. 

Experiments  conducted  by  the  United  States  government 
have  shown  that  it  is  possible  to  explode  a  boiler  by  a  very 
sudden  opening  of  the  stop-valve.  This  may  be  accounted 
for  thus:  The  sudden  rush  of  steam  from  the  boiler  reduces 
the  pressure  materially  for  an  instant;  as  the  water  in  the 
boiler  retains  the  temperature  corresponding:  to  the  former 
pressure,  part  of  the  water  flashes  into  steam,  thus  suddenly 
raising  the  pressure  again  and  straining  the  boiler  to  the 
point  of  rupture.  

PREVENTION 

11.     Boiler  explosions  may  be  prevented  by  observing 

the  following  directions: 

1.  Inspect  the  boiler  frequently  and  thoroughly,  both 
inside  and  outside.  Do  not  rely  entirely  on  the  annual 
inspection  by  government  and  insurance  inspectors;  while 
this  is  usually  quite  thorough,  the  time  elapsing  between 
inspections  of  this  kind  is  so  long  that  the  boiler  may  have 
become  dangerously  deteriorated  long  before  it  is  time  for 
the  next  inspection. 
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2.  Use  all  possible  care  to  prevent  internal  and  external 
corrosion  and  do  not  permit  any  of  the  plates  to  become 
dangerously  weak  before  renewing  them. 

3.  Do  not  strain  the  boiler  by  subjecting  it  to  too  great 
and  sudden  changes  of  tentperature;  that  is,  do  not  blow  it 
off  while  hot  and  quickly  fill  it  up  with  cold  water;  do  not 
deluge  red-hot  plates  with  cold  water;  and  do  not  admit 
more  cold  air  through  the  furnace  doors  than  is  absolutely 
necessary. 

4.  Do  not  overload  the  safety  valves,  or  let  them  become 
corroded  fast  to  their  seats,  or  let  the  stems  corrode  fast  to 
the  bonnets. 

6.  Be  careful  not  to  let  the  water  level  become  danger- 
ously low. 

6.  Open  the  stop-valves  slowly. 

7.  Do  not  attempt  to  use  a  worn-out ,  boiler;  replace  it 
with  a  new  one. 

8.  In  selecting  new  boilers,  adopt  a  type  in  which  the 
danger  of  a  disastrous  explosion  is  reduced  to  a  minimum. 


REPAIRS  AT   SEA  AND  IN   PORT 


REPAIRS  AT  SEA 


MISCELLANEOUS    REPAIRS    AT    SEA 

12.  Grate  bars  burn  out  sometimes,  especially  when 
forced  draft  is  used.  When  this  occurs,  the  live  coals  are 
first  cleared  from  the  space  made  vacant  by  the  burnt  bar; 
then  the  blade  of  a  slice  bar  is  thrust  into  the  space  between 
the  two  members  of  a  new  grate  bar,  which  is  turned  on  its 
side  and  pushed  into  the  furnace  with  the  slice  bar,  when,  by 
a  dexterous  movement,  the  grate  bar  is  dropped  into  its 
place  and  the  fire  leveled. 

13.  The  breaking  of  glass  water-gauge  tubes  is  of 
frequent  occurrence,  when  it  becomes  necessary  to  put  in 
new  ones.     When  a  glass  tube  breaks,   the   gauge  should 
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be  immediately  shut  off  from  the  boiler;  then  unscrew  the 
packing^  glands  and  remove  the  packing  and  remains  of  the 
broken  tube,  insert  the  new  tube,  repack  the  ends,  and  screw 
up  the  glands.  Be  sure  that  the  tube  is  properly  centered  at 
both  ends,  that  the  glands  are  not  screwed  up  too  tightly, 
and  that  the  shut-off  valves  are  opened  again. 

14.  Cracks  and  bulges  in  the  internal  plates  of  boilers 
are  generally  the  result  of  shortness  of  water,  deposits  of 
scale  and  grease,  or  defective  circulation.  They  may  also 
be  due  to  the  weakening  of  the  plates  by  corrosion  and  wear. 
Blisters  are  caused  by  laminations,  which  are  the  result  of 
imperfect  rolling.  The  plates  that  are  the  most  liable  to 
become  cracked  or  bulged  are  those  that  are  exposed  to  the 
most  intense  heat,  such  as  the  back  sheets  of  the  combustion 
chambers,  the  back  tube  sheets,  and  the  crown  sheets  of  the 
furnaces.  These  plates  are  also  favorably  located  for  the 
accumulation  on  them  of  scale  or  grease,  and  they  are 
usually  difficult  of  access  for  cleaning,  all  of  which  renders 
them  particularly  liable  to  become  cracked  or  bulged.  Other 
possible  causes  of  plates  cracking  are  cooling  off  the  boiler 
suddenly,  or  admitting  large  volumes  of  cold  air  into  it  by 
opening  the  furnace  and  connection  doors  while  running. 
Bulges  that  are  caused  by  scale  or  grease  are  liable  to  crack; 
therefore,  when  a  bulge  is  discovered  in  a  boiler,  that  boiler 
should  be  cut  out  of  service,  the  water  level  lowered  to  a 
point  below  the  bul^e,  and  the  deposit  of  scale  or  grease 
removed;  after  this  a  careful  examination  of  the  bulge  should 
be  made.  If  it  is  found  that  the  part  that  has  bulged  is 
not  cracked  or  greatly  reduced  in  thickness  or  seriously 
burned,  the  removal  of  the  scale  or  grease  will  be  all  that  is 
necessary  to  be  done  at  that  time,  as  absolutely  necessary 
repairs  only  are  expected  to  be  made  at  sea.  It  is  not 
customary,  as  a  rule,  to  make  any  attempt  to  reduce  a  bulge 
while  the  vessel  is  at  sea,  as  this  would  be  a  difficult  opera- 
tion to  i)erform  under  the  circumstances;  moreover,  it  is 
hardly  probable  that  the  necessary  appliances  for  this  pur- 
pose would  l)e  found  on  board,  whereas  temporary  repairs 
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that  will  enable  the  vessel  to  reach  port  can  usually  be  made. 
Should  the  bulged  part  be  considerably  reduced  in  thick- 
ness, a  staybolt  or  brace,  reaching  to  and  connected  with  the 
most  convenient  point  on  the  shell,  should  be  fitted  at  the 
center  of  the  bulge.  If  the  metal  is  cracked  or  badly  burned, 
it  should  be  covered  with  a  soft  patch. 

15.  A  soft  patch  consists  of  ^  piece  of  boiler  plate 
large  enough  to  cover  the  defective  portion  of  the  plate  to 
be  patched,  allowing  sufficient  margin  to  insure  enough  solid 
metal  around  the  defect  for  the  bolt  holes.  A  templet  of 
the  patch  is  first  made  of  a  piece  of  sheet  lead  thick  enough 
to  hold  its  shape  while  being  handled,  which  is  cut  out 
to  approximately  the  size  and  shape  the  patch  is  to  be;  it  is 
then  fitted  by  trimming  and  bending  to  the  place  where  the 
patch  is  to  go.  If  the  templet  is  very  crooked  or  uneven 
after  being  fitted,  it  will  have  to  be  flattened  out  again  for 
the  purpose  of  marking  off  the  shape  of  the  patch  on  the 
plate  from  it.  The  templet  is  then  again  fitted  and  bent 
to  the  form  the  patch  is  to  be,  and  the  patch  is  cut  out  and 
bent,  at  the  forge,  to  conform  exactly  to  the  shape  of  the 
templet.  A  thin  shallow  lip,  not  more  than  i  inch  in  depth, 
is  turned  inwards  all  around  the  patch,  after  which  the  bolt 
holes  are  drilled,  or  punched  if  it  is  a  hurried  job.  The  bolt 
holes  are  then  marked  off  on  the  defective  plate  from  the 
patch,  and  the  holes  drilled.  A  stiff  putty,  composed  of 
red  lead,  white  lead,  and  some  fine  cast-iron  borings  well 
mixed  together  is  now  made  and  applied  to  the  inside  surface 
of  the  patch  to  a  thickness  a  little  greater  than  the  depth 
of  the  lip.  The  patch  is  then  bolted  to  its  place  by  through 
bolts  and  nuts,  using  washers  and  grommets.  A  grominet 
consists  of  a  piece  of  cotton  lamp  wicking,  10  or  12  inches 
long,  saturated  and  covered  with  moist  white  lead.  This 
strand  of  wicking  is  wound  tightly  around  the  bolt,  one  piece 
under  the  head  and  another  under  the  nut.  When  the  nut  is 
screwed  up  tight,  the  grommets  are  squeezed  into  the  crevices 
between  the  washers  and  the  bolt,  sealing  the  joints,  and 
rendering  them  waterproof.     The  excess  of  white  lead  that 
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has  been  squeezed  out  during  the  process  of  screwing  up  the 
nuts  is  then  scraped  off,  and  the  lip  of  the  patch  is  calked  up 
tight  against  the  boiler  plate.  In  places  where  through  bolts 
and  nuts  cannot  be  used,  tap  bolts  must  be  substituted  for 
them.  In  that  case,  the  holes  in  the  boiler  plate  must  be 
drilled  smaller  than  the  holes  in  the  patch,  to  permit  tapping. 
A  ,  soft  patch  is  a  temporary  expedient  only,  but  it  is 
usually  sufficient  to  enable  the  vessel  to  reach  port,  when 
more  permanent  repairs  should  be  made. 

16.  There  are  three  methods  of  treating  simple  cracks 
in  boiler  plates;  which  method  to  use  depends  on  the  extent 
of  the  crack.  A  crack  may  be  closed  by  calking^  by  a  row 
of  screw  rivets,  or  by  patching. 

If  the  crack  is  a  small  one,  calking  will  generally  stop  the 
leak;  the  end  of  the  crack  should  be  first  drilled  out  and  a 
screw  rivet  put  in  to  prevent  the  crack  extending  farther 
into  the  plate. 

A  screw  rivet  is  made  by  screwing  a  threaded  piece  of 
iron  rod,  slightly  longer  than  the  plate  is  thick,  into  a 
threaded  hole  in  the  plate  and  then  riveting  over  both  ends. 
If  calking  will  not  close  the  crack,  a  row  of  screw  rivets 
may  be  put  in,  close  together,  throughout  the  entire  length 
of  the  crack,  and  their  ends  calked  over  each  other;  this 
method  will  usually  be  effective.  But  if  the  crack  is  too 
extensive,  either  in  length  or  in  breadth  of  opening,  to  be 
closed  by  either  of  these  methods,  it  should  be  soft-patched. 
In  all  cases  in  which  cracks  occur  in  the  plates  forming  the 
heating  surfaces  of  a  boiler,  the  inside  of  the  plate  should 
be  thoroughly  cleared  of  all  scale,  j^rease,  or  sediment  in 
order  to  prevent  further  development  of  the  crack. 

17,  ('racks  in  tube  sheets  usually  extend  from  one  tube 
hole  to  an  adjacent  tube  hole.  If  calkinjj:  will  not  close  the 
crack,  it  should  be  j'jatched.  The  customary  way  to  do  this 
is  to  fit  a  patch  around  the  holes  at  each  end  of  the  crack 
and  secure  the  patch  to  the  tube  sheet  by  square-headed 
tap  holts,  and  afterwards  calk  around  the  ed^e  of  the  patch. 
If  the  crack  extends  through  several  tube  holes,  the  patch 
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should,  of  course,  be  made  large  enough  to  entirely  cover 
the  crack.  Cracks  are  sometimes,  but  not  often,  found  in  the 
shell  plates.  The  treatment  of  such  cracks  may  be  similar 
to  that  given  to  cracks  in  the  internal  sheets. 

18.  When  blisters  are  discovered  on  the  internal  plates 
of  a  boiler,  they  should  be  carefully  examined  by  sounding 
with  a  hammer,  or  by  chipping  and  drilling  to  ascertain 
their  extent  and  thickness.  The  blistered  portion  should  be 
cut  away,  in  most  cases,  as  corrosion  may  be  in  progress  on 
the  internal  surfaces.  If  a  blister  is  thin  and  of  small  area, 
all  that  will  be  necessary  to  do  for  the  time  being  is  to 
remove  it  by  chipping;  but  if  it  is  very  deep  and  extends 
over  a  large  area,  the  plate  containing  it  should  be  addi- 
tionally stayed  or  braced  after  the  blister  has  been  removed; 
or  else  the  pressure  should  be  reduced  until  the  vessel 
reaches  port,  when  a  more  permanent  repair  should  be  made. 


REPAIR  OF  ORDINARY  LEAKS 

19.  Lieaky  Boiler  Tubes. — In  old  fire-tube  boilers, 
especially,  leaking  of  boiler  tubes  is  a  very  common  occur- 
rence. The  leaks  may  be  found  around  the  ends  of  tubes  that 
have  not  been  properly  expanded  in  the  tube  sheet,  or  that 
have  become  thin  by  frequent  reexpanding.  The  bead  at  the 
rear  end  of  a  tube  may  be  burned  or  corroded  off  and  cause 
a  leak.  The  tubes  may  be  split  or  cracked  at  an  imperfect 
weld  or,  after  long  use  or  exposure  to  moisture  while  not 
in  use,  they  may  become  pitted  by  corrosion,  which  will 
ultimately  cause  numerous  holes  to  develop  in  them.  When 
a  leak  occurs  around  the  end  of  a  tube,  if  the  tube  is  sound, 
the  leak  can  usually  be  stopped  by  reexpanding  the  tube;  but 
if  the  bead  is  burned  or  corroded  off,  it  will  be  necessary  to 
drive  the  tube  back  slightly  from  the  front  connection  end 
and  then  reexpand  and  rebead  the  rear  end.  If  the  tube  is 
too  short  to  admit  of  being  driven  back,  the  leak  may  be 
stopped  by  driving  a  cap  ferrule,  specially  made  for  this  pur- 
pose, into  the  end  of  the  tube.  This  ferrule  is  illustrated  in 
Fig.  5,  in  which  a  is  the  tube,  ^,  b  are  the  tube  sheets,  and  c 
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is  the  ferrule.  This  ferrule  is  known  as  the  Admiralty 
pattern  cap  ferrule  and  is  extensively  used  in  the  British 
navy. 


Pio.  5 

20.  Leaks  arising  from  split  or  corroded  tubes  are 
stopped  by  a  device  called  a  tube  stopper,  of  which  several 
types  are  in  common  use.  One  of  the  most  simple  is  illus- 
trated in  Fig.  6,  in  which  a  is  the  tube,  by  b  are  the  tube 
sheets,  and  c,c  are  cast-iron  plugs  with  cupped  flanges,  one 
plug  being  placed  in  each  end  of  the  leaky  tube.    These  pluses 


\  ; 


Fig.  6 


are  held  in  place  by  the  rod  dy  which  is  threaded  at  its  ends 
and  fitted  with  nuts  and  washers  as  shown.  By  screwing  up 
the  nuts,  the  edges  of  the  cupped  flanj^^es  e,c  are  brought  in 
close  contact  with  the  tube  sheet  and  firmly  held  there,  thus 
preventing  the  water  from  running  out  of  the  tube. 

21.  Another  tube  stopper  is  illustrated  in  Fig.  7.  This 
stopper  is  similar  to  the  one  shown  in  Fi<^.  (>,  except  that  the 
cupped  washers  a,  a  are  substituted  for  the  cast-iron  plugs  Cy  r , 
Fig.  0.  The  stoppers  shown  in  Figs.  G  and  7  will  answer 
the  double  purpose  of  stopping  leaks  at  the  tube  ends  as  well 
as  leaks  inside  the  tubes,  but  they  put  the  tube  out  of  service 
in  either  case. 
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23.  Yet  another  form  of  tube  stopper  that  is  used  to  stop 
leaks  inside  of  tubes  is  illustrated  in  Fig.  8.  The  advantage 
of  this  stopper  is  that  it  can  be  inserted  into  a  tube  -without 


ir 


It 


having  to  draw  the  fires.  Referring  to  Fig.  8,  it  will  be  seen 
that  the  washers  A,  B,  having  the  rubber  ring  /  between  them, 
are  placed  on  each  end  of  the  tie-rod  C.  This  rod  is  threaded 
at  both  ends  and  fitted  with  nuts  and  washers.  The  sleeve  D, 
made  of  ordinary  steam  pipe,  is  placed  between  the  two  pair 
of  washers.  The  distance  L  is  about  1  inch  less  than  the 
length  of  the  tube.    To  stop  a  leak  in  a  tube  with  this  stopper. 
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it  is  inserted  from  the  front  connection  end  of  the  tube  and 
the  nut  E  is  screwed  up,  the  rod  being  held  by  a  wrench  on 
the  square  end  F  to  prevent  it  from  turning.  Screwing  up 
on  the  nut  E  draws  the  washers  A  and  B  together,  which 
compresses  the  rubber  ring  /,  causing  its  edge  to  press  against 
the  side  of  the  tube,  making  a  water-tight  joint.  The  washers 
placed  under  the  nuts  should  be  of  soft  copper,  in  order  that 
a  water-tight  joint  may  be  made. 

23.  Another  tube  stopper  of  the  same  class  as  that  illus- 
trated in  Fig.  8  is  shown  in  Fig.  9.  It  consists  of  an  iron 
tie-rod  a.  threaded  at  both  ends  and  fitted  with  nuts  and 
washers.     Four  large  metal  washers  b,  b,  just  slightly  less  in 
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diameter  than  the  inside  of  the  tube,  are  fitted  on  the  rod  in 
pairs;  between  each  pair  of  these  washers  are  the  thick  rub- 
ber washers  c,  c,  which  are  made  to  closely  fit  both  the  tube 
and  the  rod.  The  sleeve  d,  made  of  ordinary  steam  piping, 
is  for  the  purpose  of  holding  the  group  of  washers  at  each 
end  of  the  rod  in  place  while  the  nut  e  is  being  screwed  up, 
the  rod  being  held  by  a  wrench  put  on  the  square  end  /  of 
the  rod  to  prevent  it  from  turning.  To  stop  a  leak  inside  of 
a  tube  with  this  stopper,  the  nut  e  is  first  slacked  off,  then 
the  stopper  is  inserted  into  the  front  end  of  the  tube  and 
pushed  into  its  place;  the  nut  e  is  then  screwed  up  tight;  this 
compresses  the  rubber  washers  and  squeezes  their  edges 
against  the  inside  of  the  tube  and  also  against  the  rod, 
making  water-tight  joints  that  stop  the  leak  very  effectually. 
This  stopper  is  to  be  preferred  to  the  one  shown  in  Fig.  8; 
moreover,  it  can  be  made  on  board  ship  from  materials 
usually  carried  in  store. 


Fig.  9 

24.  When  a  tube  gives  out  from  either  a  split  or  corro- 
sion and  there  are  no  tube  stoppers  on  board,  or  it  is  not 
convenient  to  make  the  stopper  described  in  Fig.  9,  wooden 
plugs,  made  preferably  of  white  pine,  may  be  driven  into 
each  end  of  the  disabled  tube.  The  water  will  cause  the  plug 
to  swell  and  the  tube  will  fill  up  with  salt,  which  will  effec- 
tually stop  the  leak.  With  this  method,  however,  it  will  be 
necessary  to  haul  the  fires  and  blow  off  the  pressure  from  the 
boiler  containino^  the  leaky  tube.  A  very  simple  and  effect- 
ive method  of  stopping  an  internal  leak  in  a  tube  is  to  drive 
a  snugly  fitting  plug  of  soft  wood  into  the  leaky  tube  from 
the  front  end,  forcing  the  plug  back  beyond  the  leak,  and 
then  to  close  up  the  front  end  of  the  tube  with  another  wooden 
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plug;  or,  for  a  boiler  carrying  high  pressure,  take  a  soft-wood 
plug,  cut  it  down  in  the  middle  as  shown  in  Fig.  10,  and  drive 
it  into  the  tube  so  that  the  leak  a  will  be  opposite  the  smaller 
portion  of  the  plug.  The  pressure  cannot  blow  out  this  tube 
stopper  as  it  might  do  if  separate  plugs  are  used. 


(-■..•...;•.•.■;   ■.-. 
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25.  Another  method  of  plugging  a  leaky  tube  is  by  intro- 
ducing a  split  sleeve  or  ferrule  made  as  shown  in  Fig.  11, 
which  also  shows  its  method  of  application.  The  sleeve  may 
be  made  of  a  piece  of  -old  boiler  tube  and  may  be  given  a 
length  of  from  li  to  2  diameters.  The  piece  of  tube  is  split 
lengthwise  into  two  pieces,  which  are  bent  slightly  to  conform 
to  the  inside  of  the  leaky  tube.  The  piece  should  be  split  at 
an  inclination  of  about  I  inch  to  the  foot  and  the  edges  filed 
smooth  and  true.  After  smearing  the  inside  of  the  leaky 
tube  with  red-lead  putty,  one  half  of  the  sleeve  is  put  in  flush 
with  the  tube  end;  the  other  half 
is  placed  on  top,  as  shown  in 
Fig.  11,  and  then  driven  home 
flush  with  the  end  of  the  tube. 
By  reason  of  the  edges  being 
in  a  plane  inclined  to  the  axis,  the  two  halves  of  the  sleeve 
are  firmly  wedged  against  the  inside  of  the  leaky  tube  when 
the  second  half  is  driven  home.  The  sleeves  must  be  neatly 
fitted;  in  that  condition  they  have  been  used  with  good  suc- 
cess, effectually  stopping  a  leak  and  obviating  the  necessity 
of  withdrawing  the  tube  or  losing  its  service. 

26.  An  easily  made  tube  stopper  is  illustrated  in  Fig.  12. 
It  consists  of  two  tapering  pine  plugs  having  a  central  hole 
through  which  a  rod,  made  of  a-inch  round  iron,  is  passed. 
This  rod  is  provided  with  nuts  and  washers  at  each  end,  by 
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meant  of  wUdi  the  plags  can  be  drawn  home.  Thia  tobe 
■topper  la  quite  effectooi  40  far  as  stoppins  the  leak  is  oon- 
eerned,  bat  it  is  open  to  the  ol^ection  that  1  man  miut  eater  - 
tint  heck,conneGtion  m  order  to  place  the  ptoK  in  the  rearend 
in  portion  and  in  order  to  put  the  nut  and  washer  <»  the  rod. 


id^E 
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37.  The  stoppers  illnstrated  in  Pies.  8,  9, 10,  and  11,  end 
the  wooden  plass  driven  into  a  tube  from  its  frost  end,  can 
be  inserted  without  haulioE  the  fires,  but  the;  can  be  used 
only  ;tvhen  the  tubes  are  reasonably  free  from  hardened  aoot 
and  salt.  When  a  tube  is  nearly  filled  iritb  incrustation,  ae 
leaky  tubes  are  very  liable  to  be,  it  will  be  impossible  to 
insert  the  stoppers  into  a  tube  until '  the  incmstatioo  .is 
,  removed.  This  is  not  an  easy  task,  as  the  mixtore  of  salt 
and  soot  in  the  'tube  ,will  be  baked  about  as  hard  as  granite 
by  the  intense  heat  ^o  which  it  is  exposed,  and  a  steel  chisel 
bar  will  be  required  to  remove  it;  an  ordinary  tube  scraper 
will  have  no  effect  .on  it.  Now,  if  the  tube  is  in  an 
advanced  stage  of  corrosion,  the  blows  ot  the  chisel  bar  on 
the  hard  incrustation  will  be  very  liable  to  break  more  holes 
in  the  tiibe,  and  probably  almost  wholly  destroy  it;  therefore, 
it  is  not  always  advisable  to  uudertake  to  clear  out  a  choked 
tube;  this  should  never  be  attempted  with  pressure  on  the 
boiler,  for  the  man  handling  the  chisel  bar  may  be  badly 
scalded.  When  a  tube  is  choked  with  incrustation,  it  is  pref- 
erable to  use  either  of  the  stoppers  illustrated  in  Figs.  6  and  7, 
or  else  clean  the  scale  out  of  the  ends  of  the  tube  and  drive 
in  wooden  plugs. 

28.  To  insert  the  Admiralty  ferrule,  or  the  stoppers  illus- 
trated in  Figs,  6,  7,  and  12,  into  a  tube,  it  will  be  necessary 
to  first  haul  the  fire  from  the  boiler  having  the  leaky  tube, 
close  the  stop-valve,  and  blow  off  the  pressure.  It  may  also 
be  necessary,  if  the  leak  is  a  large  one,  to  run  the  water  level 
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below  the  leaky  tube  to  enable  a  man  to  safely  go  into  the 
back  connections  to  adjust  the  rear  end  of  the  stopper  or  to 
insert  the  ferrule.  Although  cases  are  known  in  which  men 
have  performed  this  operation  while  the  pressure  was  on  the 
boiler,  it  is  a  dangerous  practice  and  is  not  recommended. 

29.  The  stoppers  illustrated  in  Figs.  7,  9,  10,  11,  and  12 
have  the  merit  of  being  easily  made  on  board  ship  of  mate- 
rials usually  carried  in  store.  The  rubber  washers  r,  r, 
Fig.  9,  should  be  made  of  pure  gum;  an  old,  soft-rubber,  air- 
pump  or  circulating-pump  valve  will  answer  very  well  for 
this  purpose. 

The  Admiralty  ferrule  will  stop  a  leak  at  the  ends  of  a 
tube  only.  The  stoppers  illustrated  in  Figs.  6  and  7  will  stop 
leaks  both  inside  and  around  the  ends  of  the  tubes,  while  the 
stoppers  illustrated  in  Figs.  8  to  12,  and  the  wooden  plugs 
mentioned,  will  stop  internal  leaks  only.  It  will  thus  be  seen 
that  each  class  of  stoppers  has  its  own  sphere  of  usefulness, 
and  in  fitting  out  an  engine  department  of  a  vessel  some  of 
each  class,  or  materials  to  make  them,  should  be  provided. 
The  dimensions  of  the  ferrules  or  stoppers  and  their  different 
members  will,  of  course,  depend  on  the  sizes  of  the  tubes  in 
which  they  are  to  be  used.  There  are  a  number  of  other 
tube  stoppers  and  ferrules  in  use,  but  those  described  above 
are  examples  of  the  representative  types. 

30.  Plugging  leaky  tubes  is  only  a  temporary  expedient, 
and,  therefore,  as  a  matter  of  course,  those  plugged  tubes 
that  are  too  far  gone  to  be  reexpanded  should  be  cut  out 
and  new  ones  inserted  on  the  vessel's  arrival  in  port. 
When  several  tubes  give  out  on  account  of  corrosion,  it  is 
strong  evidence  that  all  the  other  tubes  are  in  very  nearly 
the  same  condition,  and  the  safest  plan,  in  that  case,  will  be 
to  entirely  retube  the  boiler  while  in  port.  When  tubes 
begin  to  give  out  from  corrosion,  they  are  apt  to  go  one 
after  another  in  rapid  succession,  and  if  a  vessel  goes  to  sea 
in  that  condition  she  may  become  disabled  at  a  critical  time. 
The  condition  of  those  tubes  th^t  are  cut  out  will  be  a 
standard  to  judge  the  others  by;  if  they  are  in  an  advanced 
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stage  of  corrosion,  all  the  others  are  probably  in  a  similar 
condition. 

31.  Leaky  Rivets,  Staybolts,  and  Seams. — Leaks 
frequently  occur  at  rivets,  staybolts,  and  seams,  but  they 
are  usually  very  small  at  first  and  do  not  require  any 
immediate  treatment.  Small  trickling  leaks  will  frequently 
salt  up  in  time;  that  is,  the  water  that  oozes  through  the 
leak  will  be  evaporated,  leaving  such  impurities  as  it  con- 
tains in  a  hard  mass  around  and  over  the  leak,  which  closes 
it  effectually.  If,  however,  the  water  squirts  out  of  the 
leak  in  jets,  it  is  not  probable  that  the  leak  will  salt  up; 
on  the  contrary,  it  is  apt  to  increase.  Leaks  of  this  kind 
should  be  closely  watched,  and  if  they  increase  to  such  an 
extent,  before  reaching  port,  that  they  interfere  with  the 
fires,  they  should  be  repaired.  This  will  necessitate  cutting 
out  of  service  the  boiler  containing  the  leak  and  allowing  it 
to  cool  down  sufficiently  to  work  in.  Usually,  leaks  of  this 
character  can  be  stopped  temporarily  by  calking,  but  in  the 
cases  of  leaky  rivets  and  staybolts,  especially  if  they  have 
been  calked  several  times  before,  the  leak  cannot  always  be 
stopped  in  this  manner.  It  will  then  be  necessary  to  cut 
out  the  defective  rivet  or  staybolt  and  insert  bolts  and  nuts 
in  their  places,  or  tap  bolts,  if  the  location  is  inaccessible 
for  putting  in  a  bolt  and  nut.  Extra  large  cupped  washers 
should  be  put  under  the  heads  and  nuts  of  these  bolts,  the 
cupped  part  of  the  washer  being  filled  with  a  stiff  putty  com- 
posed of  a  mixture  of  white  and  red  lead  and  a  small  quan- 
tity of  fine  cast-iron  borings.  To  further  insure  against 
leakage  around  the  bolt,  grommets  should  be  placed  under 
the  head  of  the  bolt  and  under  the  nut. 

32.  If  the  leaky  staybolt  is  of  the  socket  type,  either  the 
new  bolt  or  a  mandrel  should  be  pushed  into  the  hole  and 
through  the  socket  as  the  old  bolt  is  being  withdrawn,  in 
order  to  prevent  the  socket,  in  case  it  should  happen  to  be 
loose,  dropping  into  the  water  bottom  of  the  boiler,  from 
whence  it  might  be  troublesome  to  recover  it.  If  the  stay- 
bolt  to  be  cut  out  is  of  the  screw  type,  and  it  is  desired  or 


§17  MARINE-BOILER  REPAIRS  19 

necessary  to  replace  it  with  a  socket  bolt,  and  if  its  location 
in  the  boiler  is  such  that  it  cannot  be  reached  by  the  arm  or 
tongas,  a  very  good  plan  to  get  the  socket  into  its  place  is  to 
pass  a  string  through  both  holes  and  secure  the  ends,  drop- 
ping the  center  and  hauling  the  bight  through  a  handhole; 
then  cut  the  string,  pass  one  of  the  ends  through  the  socket, 
join  the  ends  of  the  string  together  again,  and  haul  the 
socket  to  its  place.  In  fitting  sockets,  it  is  important  that 
their  lengths  should  equal  the  exact  distance  between  the 
sheets,  and  that  the  ends  should  be  filed  square,  otherwise 
the  sheets  may  be  drawn  out  of  shape. 

33.  Leaks  in  seams  at  the  junction  of  three  plates  are 
often  very  troublesome  to  stop.  No  amount  of  calking, 
seemingly,  will  close  them.  Sometimes,  a  small  steel  pin 
or  wedge  may  be  driven  into  the  leak  and  the  plate  may  be 
calked  over  the  pin  or  wedge;  this  will  be  effective  in  stop- 
ping such  a  leak. 

34.  Lieaky  Manholes  and  Handholes. — When  leaks 
occur  at  manholes  and  handholes,  they  should  be  stopped  at 
once,  or  the  gasket  may  be  blown  out  and  the  boiler  tem- 
porarily disabled.  If  the  gasket  is  sound  and  the  leak  is 
attended  to  as  soon  as  discovered,  it  may  be  stopped  by  ' 
screwing  up  the  nuts  on  the  studs  or  bolts  of  the  plate. 
This  is  an  operation  that  requires  care  and  should  be  per- 
formed only  by  a  man  experienced  in  that  kind  of  work,  as 
otherwise  a  stud  might  be  twisted  off,  which  would  be  apt  to 
let  the  plate  spring  away  from  its  seat  sufficiently  to  allow 
the  gasket  to  be  blown  out  with  disastrous  results.  The 
nuts  should  not  be  screwed  up  beyond  hand  taut  with  a  mod- 
erate-sized wrench;  a  sledge  hammer  should  never  be  used 
to  drive  up  the  wrench  in  a  case  of  this  kind.  Should  a 
gasket  be  blown  out,  the  only  course  to  pursue  is  to  cut  out 
that  boiler,  blow  the  water  level  below  the  leak,  and  make  a 
new  joint  with  a  new  gasket.  A  supply  of  spare  gaskets 
should  always  be  carried  for  such  emergencies. 

35.  Leaky  Blow-Off  Cocks. — Should  it  be  found  diffi- 
cult to  maintain  the  water  level  at  its  proper  height  in  any 
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of  th6  bolleri  iriwn  th^  ie6d  is  on  full,  it  is  strong  evidence 
that  some  of  the  water  is  leakios  ont  of  the  boiler.  After 
esUblishlps  the  facts  that  the  proper  amount  of  water  is 
Ifoiae  into  the  boiler,  and  that  the  drain  cock  is  closed,  both 
the  surface  and.  bottom  tdow  cqcks  should  be  examined  to 
ascertain  if  they  leak  or  are  partly  open.  This  inspection 
may  be  made  by  feeling  the  pipes  ontside  the  cocks  with 
the  hand.  If  the  pipe  is  qnite  hot,  it  indicates  that  water 
from  the  boiler  is  leaking  through  the  cock,  or  that  the  cock 
is  not  entirely  closed,  or  that  the  phig  of  the  cock  Is  s 
or  considerably  worn.  It  is  plain  what  should  be  done  in 
the  first  two  instances;  tumiely,  entirely  close  the  cot^  or 
tighten  the  plug.  In  the  other  case,  close  the  outboard 
valve  of  the  blow-off  pip«  and  keep  it  dosed  while  th6  VUtw 
off'  cocks  are  oot  in  use,  and  tighten  up  or  grind  in  the  plug 
at  the  first  opporbinity.  If  the  phig  is  too  much  worn  to' 
be  ground  in  snccessfnlly,  put  in  a  new  cock. 

86.  Zioaky  Flpee. — Both  steam  pipes  and  water  pipes 
are  liable  to  leak  from  several  cauBes,  one  of  the  most  com* 
mon  being  defective  joints.  Joints  in  pipes  are  of  two 
kinds;  namely,  screw  joints  in  small  pipes  and  flanged  joints 
in  large  pipes.  Other  sources  of  leaks  in  pipes  are  cracks 
and  pinholes.  A  pinhole  in  a  steam  pipe  will  increase  in 
size  very  rapidly,  as  the  jet  of  steam  issuing  therefrom  will 
cut  away  the  metal  around  the  hole  considerably  in  a  very 
short  time.  In  the  cases  of  leaks  occurring  at  a  screw  joint 
or  on  account  of  a  crack  or  pinhole,  temporary  repairs  can 
be  made  by  wrapping  the  pipe  at  the  leak,  and  for  some  dis- 
tance each  side  of  it,  with  a  strip  of  coarse  canvas  with  a  thin 
layer  of  white  lead  spread  on  it.  After  the  canvas  has  been' 
wrapped  tightly  around  the  pipe,  it  is  secured  by  being  sewed 
with  marline  or  annealed  wire,  which  is  wound  around  the 
pipe  in  close  coils,  hauled  taut,  and  the  end  securely  stopped. 
Iron  clamps  may  also  be  used  for  this  purpose,  if  they  are  at 
hand.  In  the  case  of  a  leak  occurring  in  a  flanged  joint,  it 
can  usually  be  stopped  by  setting  up  on  the  joint  bolts,  pro- 
vided that  this  ts  done  in  lime;  but  if  the  leak  is  permitted 
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to  continue  for  some  time,  the  chances  are  that  the  g^asket 
will  be  blown  gut,  in  which  event  it  will  be  necessary  to  cut 
that  pipe  out  of  service  and  make  a  new  joint  with  a  new  gas- 
ket. Should  a  gasket  be  blown  out  of  a  joint  in  the  main 
steam  pipe,  it  will  necessitate  shutting  down  the  main  engines 
for  a  considerable  length  of  time  to  make  repairs.  As  it  is 
not  an  easy  matter  to  make  a  new  joint  in  a  large  pipe  at  sea, 
especially  in  rough  weather,  the  importance  of  promptly  stop- 
ping a  leak  in  a  joint  in  the  main  steam  pipe  is  apparent. 


REPAIRS  IN  PORT 


INTRODUCTORY    REMARKS 

37.  After  a  steam  vessel  has  been  in  active  service  for 
some  time,  the  boilers  will  require  general,  and  sometimes 
extensive  repairs.  Boilers  that  have  been  properly  cared 
for,  that  is,  kept  clean  and  free  from  corrosi<fn  and  not  heated 
up  and  cooled  down  suddenly,  will  run  much  longer  without 
extensive  repairs  than  if  these  precautions  had  not  been 
taken.  When  general  repairs  are  to  be  made  on  boilers,  the 
services  of  experienced  boilermakers  and  the  facilities  of  a 
boiler  shop  are  required;  hence,  when  a  vessel  is  to  be  laid 
up  for  such  repairs,  she  must  be  taken  to  a  port  where  these 
facilities  may  be  obtained.  This  work  is  usually  let  by  con- 
tract to  the  lowest  bidder,  if  there  is  competition,  or  if  the 
company  to  which  the  vessel  belongs  has  no  shop  in  the 
vicinity;  therefore,  it  will  be  necessary  for  the  engineers  of 
the  vessel  to  carefully  inspect  the  boilers  to  ascertain  what 
repairs  are  required,  and  to  make  a  list  of  them  for  the  com- 
peting boilermakers  to  bid  on. 

The  lesser  repairs,  such,  for  example,  as  expanding  tubes, 
cutting  out  and  putting  in  tubes  and  sleeves,  calking  leaky 
seams,  rivets,  staybolts,  etc.,  may  be  done  by  the  fireroom 
force.  But  when  the  cutting  out  of  sheets  or  the  portions  of 
sheets  to  be  patched,  the  driving  of  rivets,  and  similar  work 
are  to  be  undertaken,  it  is  generally  advisable  that  none  but 
boilermakers  should  attempt  it. 
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38.  When  a  defect  in  a  boiler  plate  necessitates  hard 
patching,  the  defective  part  is  cut  out  and  a  templet  of  the 
patch  is  made  of  sheet  lead  and  fitted  over  the  cut-out 
part,  taking  care  to  make  the  templet  large  enough  to  leave 
sufficient  lap  for  the  rivets.  The  templet  is  then  taken  to 
the  boiler  shop  and  a  boiler-plate  patch  of  the  exact  size  and 
shape  of  the  lead  templet  is  made,  and  the  rivet  holes  are 
drilled.  The  patch  is  then  taken  on  board  ship  and  the  rivet 
holes  marked  off  from  the  patch  on  the  plate  where  it  is  to 
be  secured,  and  the  holes  are  drilled.  The  patch  is  next  held 
in  place  by  a  few  bolts  and  nuts,  after  which  it  is  riveted  on. 
If  the  location  of  the  patch  is  such  that  rivets  cannot  be 
driven,  bolts  and  nuts  or  tap  bolts  must  be  used  instead  of 
rivets.  After  the  patch  is  secured,  it  should  be  calked,  both 
around  the  edge  of  the  patch  and  around  the  edge  of  the 
hole.  Patches  should  be  put  on  the  pressure  side  of  the 
plates  wherever  their  locations  are  accessible  for  that 
purpose. 

39.  When  an  entire  plate  is  condemned,  it  should  be  cut 
out  and  a  new  one  inserted.  To  remove  the  defective  plate, 
the  rivet  heads  are  cut  off  by  means  of  a  boilermaker's  cold 
chisel  and  a  sledg^e  hammer;  the  rivets  are  then  backed  out 
by  a  drift.  After  the  plate  is  released  from  the  surrounding 
plates  it  is  taken  to  the  shop,  where  a  new  plate  is  made  the 
exact  shape  of  it  and  the  rivet  holes  are  marked  off  and 
drilled;  the  new  plate  is  then  taken  on  board  the  vessel  and 
riveted  in  its  place  and  its  edges  calked.  If  any  staybolt 
holes  are  required  in  the  new  plate,  care  should  be  exercised 
in  marking  them  off,  so  that  they  will  come  fair  with  the  holes 
in  the  opposite  plate.  The  same  care  should  be  observed  in 
marking  off  the  rivet  holes. 

40.  If  a  bulge  is  quite  shallow,  that  is,  not  more  than, 
say,  2  inches  in  depth,  and  the  metal  is  neither  burned  or 
cracked,  it  may  be  reduced  by  first  heating  it  in  a  portable 
furnace  and  then  forcing  it  back  with  a  hydraulic  jack.     But 
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if  the  bulge  is  of  greater  depth  than  about  2  inches,  or  if  the 
metal  of  the  bulge  is  stretched,  it  cannot  be  put  back  by  that 
means.  In  this  case,  it  must  be  driven  back  by  round-faced 
sledge  hammers.  It  is  necessary  to  apply  forced  draft  to 
the  portable  furnace  to  produce  heat  enough  to  drive  the 
bulge  back  with  hammers  or  force  it  back  with  a  jack.  If  a 
bulge  is  cracked  or  badly  burned,  it  should  be  cut  out  and 
the  plate  hard-patched.      

TTTBE    REPAIRS 

41.  In  cutting  out  old  fire-tube-boiler  tubes,  the  rear  ends 
of  the  tubes  are  split  for  about  1  or  2  inches  with  a  narrow-edge 
cape  chisel,  after  which  the  ends  are  bent  inwards  toward 


the  center  of  the  tube;  this  releases  the  tube  from  the  rear 
tube  sheet.  Then,  by  striking  the  rear  end  of  the  tube  with 
a  light  sledge  hammer  and  driving  it  forwards,  the  tube  will 
be  released  from  the  front  tube  sheet,  when  it  may  be  drawn 
out  into  the  fireroom,  provided  that  the  coating  of  scale  on 
the  tube  is  not  too  thick,  in  which  case  the  scale  must  be 
removed  before  the  tubes  can  be  drawn  through  the  holes  in 
the  front  sheet;  or  the  tubes  must  be  cut  in  two  inside  the 
boilers  and  the  pieces  taken  out  through  the  manhole. 

43.  A  tool  called  a  rlpiier,  and  shown  in  Fig.  13  (a),  is 
sometimes  used  instead  of  a  cape  chisel  for  cutting  out  old 
boiler   tubes.      Fig.   13   {b)    shows   how  it  is   applied  and 
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Fig.  13  (r)  shows  an  end  view  of  the  tube  after  it  has  been 
cut.  By  means  of  the  ripper,  a  slit  about  i  inch  wide  and 
extending  about  1  inch  beyond  the  inside  of  the  sheet  is  cut; 
the  end  of  the  tube  can  then  readily  be  squeezed  together  so 
that  the  tube  will  pass  through  the  hole.  With  reasonable 
care,  there  is  little  danger  of  cutting  into  the  tube  sheet. 
In  splitting  the  end  of  a  tube,  care  should  be  exercised  not 
to  turn  a  chip  of  the  metal  down  inside  the  tube  sheet,  or  the 
tube  will  be  very  troublesome  to  remove. 

43.  The  ends  of  new  boiler  tubes  should  be  annealed, 
that  is,  softened  by  heating  them  to  a  cherry  red  and  allowing 
them  to  cool  slowly,  before  being  expanded.  The  length  of 
the  tubes  should  be  about  i  inch  greater  than  the  distance 
between  the  rear  surface  of  the  back  tube  sheet  and  the  front 
surface  of  the  front  tube  sheet.  When  the  tube  is  in  its 
proper  position,  it  should  project  into  the  combustion 
chamber  about  i  inch.  A  man  with  a  tube  expander  should 
be  stationed  at  each  end  of  the  tube.  The  expanders  should 
be  inserted  into  each  end  of  the  tube  and  rolled  until  the  tube 
is  firmly  secured  in  the  tube  sheet.  Care  should  be  exer- 
cised to  roll  the  tubes  enough,  but  not  too  much,  less  they 
be  split  or  otherwise  injured.  After  the  tubes  have  been 
expanded  into  the  tube  sheets,  the  ends  that  project  into  the 
combustion  chamber  are  turned  over  with  a  peening  ham- 
mer and  afterwards  beaded  with  a  boot  tool.  The  stay-tubes 
are  extra  heavy,  usually  about  twice  the  thickness  of  ordinary 
tubes;  their  ends  are  recnforced  by  welding  ferrules  3  or  4 
inches  long:  to  them,  after  which  the  ends  are  threaded.  The 
stay-tubes  are  screwed  into  the  tube  sheets  from  the  front, 
nuts  being  screwed  on  the  ends  outside  of  the  tube  sheets. 

RTAY     RKPAIRS 

44.  There  is  only  one  sure  remedy  for  a  leaky  staybolt 
or  rivet,  and  that  is  to  cut  it  out  and  put  in  a  new  one. 
Should  the  holes  of  the  defective  rivets  or  staybolts  he  much 
enlarged  by  corrosion,  they  should  be  reamed  out  until  solid 
metalis  reached  and  rivets  or  staybolts  of  larger  sizes  than 
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the  original  ones  put  in.  If  a  large  number  of  new  and  larger 
rivets  are  put  into  a  joint,  there  is  a  strong  presumption 
that  the  safe  working  strength  of  the  joint  is  reduced  thereby; 
if  this  should  be  the  case,  the  working  pressure  on  the  boiler 
will  have  to  be  reduced  below  the  former  pressure  allowed. 
Should  any  of  the  stayrods,  staybolts,  gusset  stays,  palm 
stays,  etc.  show  a  considerable  reduction  in  size  or  be  found 
broken,  they  should  be  removed  and  new  ones  substituted, 
taking  care  that  these  new  stays  are  made  of  the  correct 
length.  

FURNACE    REPAIRS 

45.  Dead  plates  being  constructed  of  cast  iron  and 
exposed  to  extreme  heat  and  rough  usage,  it  is  probable 
that  some  of  them  will  be  found  cracked  or  broken.  These 
should  be  renewed,  as  a  general  rule,  as  they  are  extremely 
difficult  to  repair.  Furthermore,  the  cost  of  a  new  dead 
plate  will  usually  be  less  than  the  cost  of  repairs. 

46.  It  is  to  be  expected  that  the  bridge  walls  will  be 
found  in  a  rather  dilapidated  condition.  Many  of  the  bricks 
will  probably  be  missing,  while  others  will  be  loose  or  broken. 
All  such  should  be  removed,  and  only  those  that  are  held 
firmly  in  their  places  should  be  retained.  Whatever  remains 
of  the  wall  after  removing  the  loose  and  broken  bricks  should 
be  thoroughly  cleaned  off  and  sprinkled  with  water  before 
the  new  bricks  are  laid.  Firebricks  only  should  be  used  in 
building  or  repairing  bridge  walls;  common  bricks  will  not 
answer  for  this  purpose,  as  they  are  unable  to  stand  the  heat 
to  which  they  are  exposed.  Fireclay,  mixed  quite  thin  with 
water,  should  be  used  as  the  mortar  for  bridge  walls.  Each 
brick  should  be  dipped  in  water  just  before  laying  it  to  cause 
the  mortar  to  adhere  to  it.  The  bricks  should  be  carefully 
laid  with  their  edges  flush  on  the  sides  and  top  of  the  walls, 
and  then  plastered  over  with  fireclay. 

47.  Grate  bars  and  bearing  bars  are  exposed  to  great 
heat  and  rough  usage;  consequently,  their  life  is  compara- 
tively short  and  they  require  frequent  renewal.    While  general 
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repairs  are  going  on,  these  bars  should  be  overhauled; 
that  is,  the  good  bars  sorted  out  from  the  bad  and  the  latter 
sent  ashore.  The  bearing-bar  brackets  should  also  be 
examined  and  any  defects  found  in  them  remedied.  The 
supply  of  spare  grate  and  bearing  bars  should  now  be 
brought  up  to  its  standard  quantity  of  one-eighth  of  a  com- 
plete set  for  all  furnaces,  for  a  sea-going  vessel. 

48.  Furnace  fronts,  being  made  of  cast  iron  and  exposed 
to  considerable  changes  of  temperature,  are  liable  to  crack.  If 
any  stich  cracked  fronts  exist,  they  should  be  removed.  The 
linings  of  the  furnace  doors  will  probably  be  burnt,  cracked, 
and  warped;  these  should  be  removed.  Furnace  doors  fre- 
quently become  sagged  so  that  they  cannot  be  closed  tightly; 
all  such  should  be  straightened  and  put  in  good  condition. 


M1SCELI.ANEOUS    KEPAIRS    IN    PORT 

49.  It  is  to  be  expected  that  the  zinc  boiler  protectors 
will  require  renewal  occasionally.  The  straps  for  holding 
the  zinc  plates  should  be  filed  bright  where  they  come  in  contact 
with  the  zinc  and  with  the  boiler  braces.  After  the  straps 
are  bolted  in  place,  the  joints  should  be  made  water-tight  by 
cement.  There  should  be  1  S(iuare  foot  of  exposed  zinc  sur- 
face, exclusive  of  edges,  for  each  130  square  feet  of  heating 
surface  in  a  boiler.  In  the  British  navy,  zinc  slabs  12  inches 
by  6  inches  and  •!•  inch  thick  are  attached  to  the  boiler  braces; 
there  being  one  slab  to  every  20  horsepower.  These  are 
eaten  up  and  renewed,  when  the  boilers  are  in  use,  every 
00  to  90  days.  The  baskets  or  troughs  for  catching  the  dis- 
integrated zinc  should  be  examined  and,  if  needed,  put  in 
good  order. 

50.  Rain  and  sulphurous  gases  from  the  coal  have  a 
destructive  effect  on  the  metal  of  the  uptakes  and  smoke- 
stack; therefore,  in  course  of  time,  they  will  become  cor- 
roded to  such  an  extent  that  they  must  be  renewed.  Those 
sheets  that  are  most  exposed  to  dampness  and  corrosion  will 
be  the  first  to  give  out.  These  should  be  examined  and 
renewed,  if  necessary. 
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51.  Before  painting:  the  boilers,  their  shells  should  be 
thoroughly  cleared  of  rust,  flakes  of  old  paint,  and  other 
foreign  substances  that  may  be  adhering  to  them.  A  good 
paint  is  a  mixture  of  red  lead  and  boiled  linseed  oil.  The 
bottoms  of  the  boilers  and  those  parts  that  are  not  pro- 
tected by  the  coverings  should  receive  two  coats  of  paint. 

After  the  paint  on  the  shelves  of  the  boilers  is  thoroughly 
dry,  the  coverings  should  be  replaced.  So  much  of  the  old 
covering  as  may  be  in  good  condition  should  be  utilized 
and  the  deficiency  be  made  up  with  new  material.  If  the 
coverings  of  any  of  the  steam  pipes  were  removed  or  injured 
while  repairing,  they  should  now  be  replaced  or  repaired. 

52.  Boiler  fittings  are  subjected  to  corrosion  and  wear 
and  they  are  also  exposed  to  accidents;  therefore,  they 
require  overhauling  occasionally,  and  the  proper  time  to  put 
them  in  order  is  while  the  ship  is  laid  up  for  repairs. 

53.  When  a  vessel  is  laid  up  for  repairs,  advantage  is 
taken  of.  the  opportunity  to  put  her  into  dry  dock  and  clean 
and  paint  the  hull  below  the  water-line.  This  gives  the 
engineers  a  chance  to  examine  and  overhaul  the  outboard 
valves  and  strainers,  and  it  is  very  important  that  this  oppor- 
tunity should  not  be  neglected.  The  Kingston  valves,  the 
outboard  delivery  valve,  the  outboard  blow  valves,  and  the 
injection  valve  should  be  examined  and  put  in  perfect  order. 
The  flanges  of  valves  that  are  secured  directly  to  the  outer 
hull  plating  should  be  bolted  to  strengthening  rings  by  steel 
studs  with  composition  nuts,  care  having  been  taken  not  to 
drill  the  stud  holes  entirely  through  the  rings.  A  zinc  pro- 
tecting ring  is  fitted  in  each  opening  in  the  outer  skin  in  such 
a  manner  as  to  be  easily  renewed.  In  vessels  with  double 
bottoms,  all  sea  valves  over  the  double  bottoms  are  inside 
the  inner  skin  and  are  connected  to  the  outer  skin  by  a  pipe. 
The  valve  chamber  is  bolted  to  a  flange  on  the  upper  end 
of  the  pipe,  there  being  a  zinc  protecting  ring  near  the  upper 
end  of  the  pipe,  or  secured  to  the  lower  flange  of  the  valve 
chamber.  These  rings  should  be  made  accessible  for 
renewal. 
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54.  All  copper  suction  and  dischargfe  pipes  desig^ned  to 
convey  salt  water  should  be  fitted,  at  intervals  of  from  10  to 
15  feet,  with  cast  composition  boxes,  with  fiangfes  matching: 
fiang:es  on  pipes.  These  boxes  are  placed  on  horizontal 
sections  of  the  pipes.  The  zinc  protecting  rings  on  the  sea 
suction  valves  may  be  regarded  as  one  of  the  zinc  boxes  in 
spacing  the  remainder.  Each  pump  discharge  pipe  designed 
to  convey  salt  water  should  have  a  zinc  box  as  near  the 
pump  as  is  practicable,  after  which  they  should  be  spaced  as 
specified  above.  The  design  of  the  zinc  boxes  should  be 
such  as  to  leave  the  pipe  unobstructed.  The  box  should 
have  the  general  form  of  the  body  of  a  gate  valve,  there 
being  a  bonnet  and  a  faced  opening  for  inserting  the  zinc, 
which  should  be  of  U  shape,  bent  from  a  rolled  slab  i  inch 
thick. 

The  perforations  in  the  strainers  over  the  pipe  openings  in 
the  hull  plating  should  be  cleaned  out  and  the  strainer  fast- 
enings examined,  and  renewed  if  necessary. 
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(PART  1) 


AMERICAN  AND  CANADIAN  RULES 


SPECIFICATIONS  FOR  MATERIAI^ 


INTEODUCnON 

1.  Practically  all  civilized  countries  have  passed  laws  pro- 
viding not  only  for  the  licensing  of  marine  engineers,  but  also 
for  the  inspection  of  steam  vessels  and  their  machinery.  In 
the  United  States  of  America,  the  inspection  of  steam  vessels 
and  licensing  of  engineers  is  performed  by  The  Steamboat- 
Inspection  Service,  Department  of  Commerce,  with  head- 
quarters at  Washington,  District  of  Columbia.  In  Canada, 
The  Department  of  Marine  inspects  steam  vessels  and  exam- 
ines marine  engineers.  These  various  bodies  are  governed  in 
their  action  by  rules  and  regulations,  which  of  course  are 
amended  and  added  to  from  time  to  time.  Obviously,  marine 
boilers,  in  order  to  pass  inspection,  must  conform  to  the  rules 
and  regulations  in  force  in  the  country  in  which  they  are  built. 
In  addition,  various  marine  underwriters,  such  as  Lloyd's  and 
the  Bureau  Veritas,  have  their  own  rules  and  regulations, 
which  must  be  complied  with  if  the  boilers  are  to  be  insured  in 
these  societies. 

The  title  of  the  American  regulations  is  "General  Rules 
and  Regulations  Prescribed  by  The  Board  of  Supervising 
Inspectors,  Steamboat-Inspection  Service** ;  they  will  be  referred 
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to  hereafter  as  "American  rules"  for  short.  These,  as  well  as 
the  "Steamboat-Inspection  Service  Bulletin,"  in  which  amend- 
ments and  changes  of  the  rules  are  published,  can  be  obtained 
by  applying  to  the  Supervising  Inspector-General,  Steamboat- 
Inspection  Service,  Department  of  Commerce,  Washington, 
District  of  Columbia.  The  Canadian  rules  can  be  obtained 
by  applying  to  the  Minister  of  Marine,  Ottawa,  Canada;  their 
title  is  "Rules  for  the  Inspection  of  Boilers  and  Machinery  of 
Steamboats." 

2.  The  Canadian  rules  are  divided  into  two  parts,  each 
covering  virtually  the  same  ground.  Part  I  is  normally  used 
by  the  Canadian  inspectors;  Part  II  is  headed  thus:  Regula- 
tions governing  the  inspection  and  testing  of  boilers  now  in 
existence  and  of  boilers  now  or  hereafter  to  be  manufactured, 
in  Canada,  for  the  use  of  steamboats,  whenever  in  the  opinion 
of  the  Inspector  the  regulations  contained  in  Part  One  of  these 
Regulations,  on  account  of  the  make  of  such  boilers,  or  for 
some  other  reason,  are  not  capable  of  application  in  the  testing 
thereof;  provided  that  in  every  such  case  the  Inspector  shall 
issue  his  certificate,  in  which  he  shall  state  that  his  inspection 
has  been  made  under  Part  II  of  this  Order. 


SPECIFICATIONS  AND   TESTS   FOR   STEEL    AND   WROUGHT   IRON 

3.  Plates. — The  American  rules  provide  that  every  steel 
plate  intended  for  a  marine  boiler  must  be  stamped  with  the 
tensile  stress  per  square  inch  of  section  it  will  bear. 

Steel  plates,  under  the  American  rules,  must  be  made  by 
the  open-hearth  process,  if  intended  for  use  in  boilers;  plates 
used  for  making  tubes  may  be  made  by  the  Bessemer  process. 

Oj^en-hearth  steel  must  not  contain  more  than  .04  per  cent. 
(four  one-hundredths  of  1  per  cent.)  of  phosphorus  and  .04  per 
cent,  (four  one-hundredths  of  1  per  cent.)  of  sulphur. 

When  the  tensile  strength  of  steel  plates,  as  determined  by 
the  test,  is  less  than  63,000  pounds  per  square  inch,  the  mini- 
mum elongation  of  the  material  must  be  25  per  cent,  for  plates 
up  to  and  including  f  inch  in  thickness,  and  22  per  cent,  for 
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plates  thicker  than  |  inch.  When  the  tensile  strength  is 
63,000  pounds  per  square  inch,  or  greater,  the  minimum  elonga- 
tion of  the  material  must  be  22  per  cent,  for  plates  up  to  and 
including  |  inch  in  thickness,  and  20  per  cent,  for  plates  thicker 
than  I  inch. 

Two  samples  cut  from  each  steel  plate  as  first  rolled  from 
the  billet,  slab,  or  ingot  must  pass  a  quenching  and  bending 
test.  The  sample  must  be  at  least  12  inches  long  and  from 
1  to  3|  inches  wide,  and  the  full  thickness  as  rolled.  The  sample 
is  heated  to  a  cherry  red,  as  seen  in  the  dark,  and  quenched, 
that  is,  cooled  suddenly,  in  water  having  a  temperature  of 
about  82°  F.  After  the  quenching  the  sample,  or  specimen, 
must  stand  bending  cold  through  180**  around  a  curve  the  radius 
of  which  is  three-fourths  the  thiclgiess  of  the  plate,  when  the 
tensile  strength  is  less  than  63,000  pounds  per  square  inch. 
When  the  tensile  strength  is  63,000  pounds  per  square  inch,  or 
greater,  the  quenched  sample,  or  specimen,  must  bend  180®. 
around  a  curve  the  radius  of  which  is  one  and  one-half  times 
the  thickness. 

Steel  plate  used  in  the  construction  of  corrugated  or  ribbed 
furnaces  must  have  a  tensile  strength  of  not  less  than  54,000 
nor  more  than  67,000  pounds  per  square  inch;  steel  plate  for 
all  other  kinds  of  furnaces  must  have  a  tensile  strength  of  not 
less  than  58,000  nor  more  than  67,000  pounds  per  square  inch. 
The  minimum  elongation  must  not  be  less  than  20  per  cent, 
in  a  length  of  8  inches. 

4.  Under  American  rules,  each  iron  plate  used  in  the  manu- 
facture or  repair  of  marine  boilers  must  be  tested,  and  must 
show  a  tensile  strength  not  lower  than  45,000  poimds  per  square 
inch.  The  elongation  must  be  at  least  15  per  cent.  The  reduc- 
tion in  area  must  be  as  follows:  Fifteen  per  cent,  for  samples 
showing  45,000  pounds  tensile  strength,  and  1  per  cent,  more 
for  each  additional  1,000  pounds  up  to  55,000  poimds  tensile 
strength. 

All  iron  plate  must  be  subjected  to  a  bending  test,  tising 
a  test  piece  at  least  12  inches  long  and  from  1  to  3|  inches  wide. 
This  sample  must  stand  bending  cold,  without  cracks  or  flaws, 
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to  an  angle  of  90°  to  a  curve  the  inner  radius  of  whidi  is  not 
less  than  one  and  one-half  times  the  thickness. 

6*  Part  I  of  the  Canadian  rules  specifies  that  sted  must  be 
of  a  general  quality  that  has  been  found  suitable  for  marine 
boilers.  On  each  plate  must  be  stamped  its  tensile  strength, 
and  also  its  elongation.  The  elongation  should  be  about  SS5  per 
cent,  in  a  length  of  10  inches,  and  must  not  be  less  than  18  per 
cent. ;  when  the  plate  has  been  annealed,  the  elongation  must 
not  be  less  than  20  per  cent.  Plates  not  exposed  to  fiame  must 
pass'fi  bending  test;  plates  exposed  to  flame  must  pass  a  bending 
and  quenching  test,  being  quenched  in  water  at  about  SOP  P., 
and  bent  cold  tmtil  the  sides  are  parallel  and  at  a  distance  from 
each  other  of  not  more  than  three  times  the  thickness.  The 
test  strip  must  be  about  2  inches  wide  and  10  inches  long.  The 
tensile  strength,  for  plates  not  exposed  to  flame,  must  not  be 
less  Uian  27  gross  tons  nor  more  tiian  32  gross  tons  per  square 
inch.  The  tensile  strength  of  furnace,  flanging,  and  oombos- 
tion-box  plates  must  range  between  26  grosis  tons  and  90  gross 
tons  per  square  inch. '  In  calculations,  the  inspector  is  enjoined* 
by  the  rules  to  take  the  tensile  strength  of  approved  steel  plates 
as  27  gross  tons  per  square  inch  unless  all  the  plates  for  a  given 
boiler  have  been  tested  in  his  presence,  in  which  case  he  may 
use  the  actual  tensile  strength  found.  Part  II  of  the  Canadian 
rules  states  that,  in  calculations  made  under  the  rules  given 
in  that  part,  the  tensile  strength  of  best  quality  steel  plate  is 
to  be  taken  as  60,000  pounds  per  square  inch. 

6.  Part  I  of  the  Canadian  rules  specifies  that  the  tensile 
strength  of  iron  plates  is  to  be  taken  as  47,000  pounds  per 
square  inch  with  the  grain  of  the  iron  and  as  40,000  pounds  across 
the  grain.  Part  II  of  the  Canadian  rules  specifies  that  the 
tensile  strength  of  iron  plates  made  of  the  best  material  is  to 
be  taken  as  48,000  pounds  per  square  inch  with  the  grain  and 
42,000  pounds  per  square  inch  across  the  grain. 

When  iron  plates  are  used  in  suixirheatcrs,  the  Canadian 
rules  specify  that  their  tensile  strength  in  calculations  is  to 
be  taken  as  30,000  pounds  per  square  inch,  unless  the  flame 
impinges  at,  or  nearly  at,  right  angles  to  the  plate,  when  22,400 
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pounds  per  square  inch  is  to  be  taken  as  the  tensile  strength. 
The  use  of  steel  plates  in  superheaters  is  discouraged  in  all  cases 
by  the  Canadian  rules. 

7.  Rivets. — ^The  Canadian  rules  prescribe  that  the  tensile 
strength  of  the  bars  from  which  rivets  are  made  must  not  be 
less  than  26  gross  tons  nor  more  than  30  gross  tons  per  square 
inch,  and  that  the  elongation  must  not  be  less  than  25  per  cent, 
in  a  length  of  10  inches.  The  tensile  strength  of  the  finished 
rivets  must  not  be  less  than  27  gross  tons  nor  more  than  32  gross 
tons  per  square  inch,  and  they  must  show  a  reduction  of  area 
of  at  least  60  per  cent. 

The  American  rules  provide  no  test  for  rivets. 

8.  Stays. — ^The  American  rules  do  not  provide  for  the  test- 

• 

ing  of  wrought-iron  bar?  used  as  stays  or  braces  in  marine 
boilers,  but  specify  that  all  steel  bars  used  for  these  purposes 
must  be  tested  at  the  mills  where  manufactured.  Steel  bars 
must  have  a  minimum  tensile  strength  of  58,000  poimds  per 
square  inch,  and  the  test  piece,  if  less  than  the  full  diameter  of 
the  bar,  must  show  an  elongation  of  at  least  28  per  cent,  in 
2  inches;  if  the  test  piece  is  the  full  diameter  of  the  bar,  the 
elongation  must  be  at  least  25  per  cent,  in  8  inches.  When 
the  tensile  strength  of  the  test  piece  is  more  than  63,000  pounds 
per  square  inch,  the  elongation  must  be  at  least  26  per  cent, 
in  2  inches  if  the  test  piece  is  smaller  in  diameter  than  the  bar, 
and  22  per  cent,  in  8  inches  if  the  test  piece  is  the  full  diameter 
of  the  bar. 

Steel  bars  for  stays  or  braces  must  also  pass  a  bending  test; 
the  sample  is  to  be  bent  cold  to  a  curve  the  inner  radius  of 
which  is  equal  to  one  and  one-half  times  the  diameter  of  the  bar, 
and  must  stand  this  bending  without  showing  flaws  or  cracks. 

9.  The  Canadian  rules  specify  that  the  tensile  strength  of 
steel  stay-bars  must  not  be  less  than  27  gross  tons  nor  more 
than  32  gross  tons  per  square  inch;  the  elongation  should  be 
about  25  per  cent,  and  must  not  be  less  than  20  per  cent.,  in 
a  length  of  10  inches.  The  use  of  welded  steel  stays  is  for- 
bidden by  the  American  and  Canadian  rules. 
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10.  Stay-T^ibes. — The  tensile  rtfength  of  steel  stay-tubes, 
according  to  the  Canadian  rules,  nmst  DOt  be  less  than  26  gross 
tons  nor  more  than  30  gross  tons;  the  materifi]  should  show  an 
elongation  of  about  25  per  cent,  in  10  indieti  and  must  never 
be  less  than  20  per  cent.  The  ntks  demand  a  minimum  net 
thickness  of  i  inch. 

1 1.  Bollor  Tubes. — The  American  rules  provide  that  lap- 
welded  boiler  tubes  may  be  made  of  diarcpal  iron,  or  of  mild 
steel  made  by  any  process,  and  must  be  free  from  defective 
welds,  cracks,  blisters,  scale,  pits,  and  sand  marks.  All  tubes 
up  to  and  including  30  inches  in  diameter  must  stand  the  fol- 
lowing test:  "A  test  piece  2  inches  in  lepgth  cut  from  a  lube 
shall  stand  being  flattened  by  hammering  until  the  s" " 
brought  parallel,  with  the  curve  an  the  inside  at  the  ends  not 
greater  than  three  times  the  thidmess  irf  the  metal,  without 
showing  cracks  or  flaws,  with  head  at  one  side  being  in  the 
weld-"  Tubes  must  also  pass  a  flanging  test,  consisting  of 
fl^^png  the  tube  at  right  angles  to  the  body  and  to  a  width 
of  }  mdi.  These  tests  are  made  on  cold  tubeti.  All  lap-welded 
boiler  tubes  must  be  tested  hydrostatically  to  an  internal  pres- 
sure OE  600  pounds  per  square  inch,  and  under  this  pressure 
show  no  ^gns  of  weakness  or  defects. 

Seamless  steel  boiler  tubes,  under  the  American  ndes,  must 
be  made  by  the  open-hearth  process,  must  be  free  from  all 
surface  defects,  ajid  must  have  been  annealed  if  cold-drawn. 

A  test  piece  3  inches  long  cut  from  a  steel  tube  must  stand 
being  flattened  by  hammering  until  the  sides  are  brought  par- 
allel, with  a  curve  on  the  inside  at  the  ends  not  greater  than 
three  times  the  thickness  of  the  metal ,  without  showing  cracks  or 
flaws.  In  addition,  the  tubes  must  stand  flanging  all  aroimd  the 
end  to  a  width  of  f  inch  beyond  the  outside  body  of  the  tube. 

Both  of  these  tests  must  be  made  on  cold  tubing.  Each 
seamless  steel  boiler  tube  must  be  subjected  to  an  internal 
hydrostatic  pressure  of  1,000  pounds  per  square  indi  without 
showing  signs  of  weakness  or  defects. 

12.  Welded  Steam  and  Water  Pipes.— The  American 
rules  state  that  welded  pipe  may  be  made  of  wrought  iron  or 
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mild  steel,  and  must  be  smooth,  straight,  and  free  from  defects. 
The  use  of  threaded  pipe  of  standard  thickness  is  discouraged 
and  absolutely  prohibited  if  the  pipe  is  above  5  inches,  nominal 
diameter. 

Welded  pipe  up  to  and  including  31  inches,  nominal  diam- 
eter, must  be  tested  by  an  internal  hydrostatic  pressure  to 
600  pounds  per  square  inch. 

Welded  pipe  from  4  inches  to  30  inches,  nominal  diameter, 
if  made  from  iron  must  have  a  tensile  strength  of  from  40,000 
to  48,000  pounds  per  square  inch,  a  minimum  elongation  of 
12  per  cent,  in  8  inches,  and  an  elastic  limit  of  from  22,000  to 
30,000  pounds  per  square  inch.  Welded  steel  pipe  must  have 
a  tensile  strength  of  not  less  than  50,000  pounds  per  square 
inch,  and  a  ntiinimum  elongation  of  20  per  cent,  in  8  inches. 
All  pipe  4  inches  and  over  in  diameter  must  be  tested  to  at 
least  500  pounds  per  square  inch  by  internal  hydrostatic  pres- 
siire.  A  test  piece  2  inches  long  must  stand  being  flattened  by 
hammering  until  the  sides  are  brought  parallel  with  the  curve 
on  the  inside  at  the  ends  not  greater  than  three  times  the 
thickness  of  the  metal,  without  showing  cracks  or  flaws,  with 
the  bend  at  one  side  being  in  the  weld. 

13.  Seamless  Steel  Steam  and  Water  Pipes. — ^The 
American  rules  provide  that  the  material  for  seamless  steel 
pipe  must  be  made  by  the  open-hearth  process,  and  that  the 
pipe  must  be  smooth  and  straight,  and  inside  and  outside  be 
free  from  all  siuf ace  defects  that  would  materially  weaken 
it  or  form  starting  points  for  corrosion.  The  tensile  strength 
must  not  be  less  than  48,000  pounds  per  square  inch,  and  the 
elongation  not  less  than  12  per  cent,  in  8  inches.  A  test  piece 
2  inches  long  must  stand.  Without  showing  cracks  or  flaws,  being 
flattened  by  hanmiering  until  the  sides  are  brought  parallel, 
with  the  curve  on  the  inside  at  the  ends  not  greater  than  three 
times  the  thickness  of  the  metal. 

The  Canadian  rules  contain  a  special  section  devoted  to 
the  inspection  of  water-tube  boilers,  in  which  it  is  stated  that 
all  pipes  used  in  their  construction  may  be  either  lap  welded 
or  solid  drawn,  and  must  be  of  the  best  quality  of  metal. 
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SPECIFICATIONS    AND    TESTS    FOR    CASTINGS 

14.  Cast-iron,  Semisteel,  and  Ferrosteel  Castings. 

The  American  rules  state  that  cast-iron,  semisteel,  or  ferrosteel 
castings,  if  the  material  has  a  tensile  strength  of  at  least  20,000 
pounds  per  square  inch,  may  be  used  for  handhole  and  manhole 
plates  of  marine  boilers,  and  also  for  valves  and  fittings.  Cast 
iron  may  also  be  used  for  evaporators,  feedwater  heaters,  and 
steam  separators. 

The  Canadian  rules  state:  **Cast  iron  must  not  be  used 
for  stays,  and  inspectors  should  also  discourage  the  use  of  cast 
iron  for  chucks  and  saddles  for  boilers."  The  same  rules  also 
prohibit  the  use  of  cast  iron  for  stays,  pipes,  or  elbows  in  water- 
tube  boilers. 

15.  Steel  Castings. — Under  American  rules,  steel  castings 
having  a  minimtim  tensile  strength  of  50,000  and  a  maximum 
tensile  strength  of  70,000  pounds  per  square  inch,  an  elastic 
limit  of  not  less  than  45  per  cent,  of  the  tensile  strength,  and  a 
minimum  elongation  of  25  per  cent,  in  2  inches,  may  be  used 
for  any  and  all  steam-pipe  and  feedpipe  connections,  and  for 
boiler  fittings,  valves,  cocks,  and  all  appliances  subject  to  steam 
or  water  pressure  in  connection  with  the  boilers  and  engines 
of  steam  vessels.  All  steel  castings  must  be  thoroughly 
annealed.  For  all  pressures  in  excess  of  800  pounds  per  square 
inch,  or  temperatures  of  more  than  425°  F.,  all  fittings  must 
be  steel  castings. 

IG.  Malleable- Iron  Castings. — Under  American  rules, 
malleable-iron  castings  may  \ye  used  for  any  casting  or  con- 
nection up  to  and  including  G  inches  in  diameter,  for  pressures 
not  exceeding  300  pounds  per  square  inch,  or  a  temperature  of 
417.5°  F.,  if  their  tensile  strength  is  not  less  than  30,000  pounds 
per  square  inch. 

17.  Copper  Alloys. — Any  alloy  of  copper,  which  con- 
tains at  least  95  jxir  cent,  of  copper,  tin,  and  zinc,  and  has  a  ten- 
sile strength  of  at  least  30, (KK)  ]xnmds  per  square  inch,  may. 
under  American  rules,  be  used  in  the  construction  of  all  fittings 
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up  to  and  including  12  inches  in  diameter,  for  all  pressures  not 
exceeding  300  pounds  per  square  inch,  and  for  temperatures 
not  exceeding  425°  F. 

CYLINDRICAL  SHELLS 


STRESSES    ON    CYLINDERS 

18.  If  the  cylindrical  shell  shown  in  Fig.  1  is  subjected  to 
an  internal  pressure,  there  will  be  two  forces  tending  to  rup- 
ture it.  One  force,  indicated  by  the  arrows  A,  acting  in  the 
direction  of  the  length,  tends  to  tear  the  shell  in  a  transverse 
plane,  as  B  B\,  The  other  force,  indicated  by  the  arrows  C, 
acting  in  a  direction  perpendicular  to  the  axis,  tends  to  rup- 
ture the  boiler  in  a  longitudinal  plane  passing  through  the 


Fig.  1 

axis,  as  D  Du  D%  D3.    These  two  forces  are  opposed  by  the 
tenacity  of  the  material  of  which  the  shell  is  composed. 

The  magnitude  of  the  force  tending  to  rupture  the  shell  in 
a  transverse  plane  is  equal  to  the  area  of  the  head  in  square 
inches  times  the  steam  pressure  per  square  inch.  As  this  force 
is  resisted  by  the  tenacity  of  the  material,  the  magnitude  of 
the  tenacity  being  measured  by  the  sectional  area,  the  stress 
per  square  inch  of  section  of  the  material  is 

area  of  the  head  X  pressure 
area  of  section 

The  magnitude  of  the  force  tending  to  rupture  the  shell  in 
Fig.  1  in  a  longitudinal  plane  is  equal  to  the  internal  diameter 
times  the  length  times  the  pressure.  This  force  is  resisted  by 
the  combined  sectional  area  of  the  material  of  the  two  sides 
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of  the  shell.    Hence,  the  stress  per  square  inch  of  section  eqtials 

the  internal  diameter  X  the  length  X  the  pressure 

combined  sectional  area 

Consider  a  plain  cylindrical  shell  constructed  of  any  con- 
venient material.  Let  the  inside  diameter  be  36  inches,  the 
length  120  inches,  the  thickness  of  the  shell  }  inch,  and  the  inter- 
nal pressure  to  which  it  is  subjected  100  pounds  per  square 
inch.  The  pressure  on  the  head,  and,  consequently,  the  mag- 
nitude of  the  force  acting  in  the  direction  of  the  length,  is 

362X.7854X  100  =  101,787.8  pounds 

This  force  is  resisted  by  the  tenacity  of 

36.52  X  .7854  -  36^  X  .7854  =  28.471  square  inches  of  material 

Hence,  the  stress  per  square  inch  of  section  is  101,787.8 
-5-28.471=3,575.14  pounds.  The  magnitude  of  the  force 
acting  perpendicular  to  the  axis  equals  36X120X100  =  432,000 
poimds.  The  area  of  the  material  resisting  this  force  equals 
120 X. 25X2  =  60  square  inches;  hence,  the  unit  stress  is  432,000 
-f- 60  =  7,200  pounds  per  square  inch.  This  shows  that*  there 
is  7,200 -r  3,575. 14  =  2.01,  say  about  twice  as  much  resistance 
to  transverse  rupture  as  there  is  to  rupture  in  a  longitudinal 
plane.  Hence,  it  follows  that  if  the  material  is  proportioned 
to  withstand  the  force  {xjrpcndicular  to  the  axis,  it  will  possess 
ample  strength  in  the  other  direction.  For  convenience  in  cal- 
culation, the  length  of  the  shell  i^  taken  as  1  inch. 


BURSTING,     W^ORKINC},     AND    TEST    PRESSURES 

19.  Fundamental  Rules. — In  a  seamless  cylinder  that 
is  on  the  point  of  bursting,  the  resistance  of  the  material  to 
rupture  must  be  equal  to  the  force  tending  to  cause  rupture. 
Hence,  such  a  cylinder  is  on  the  point  of  bursting  if  the  product 
of  the  diameter  and  pressure  equals  the  product  of  twice  the 
thickness  of  the  cylinder  and  the  ultimate  tensile  strength  of 
the  material  of  which  it  is  composed.  From  this,  it  follows 
that  the  bursting  pressure  equals 

twice  the  thickness X the  ultimate  tensile  strength 

diameter 
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This  may  be  simplified  by  using  the  raxiius  of  the  cylinder 
instead  of  the  diameter.  Then,  as  the  radius  is  one-half  the 
diameter,  the  bursting  pressure  will  be 

the  thickness  X  the  ultimate  tensile  strength 

radius 

Rule. — To  find  the  bursting  pressure  oj  a  seamless  cylinder, 
in  pounds  per  square  inch,  divide  the  product  oj  its  thickness,  in 
inches,  and  the  ultimate  tensile  strength,  in  pounds  per  square 
inch,  by  the  internal  radius,  in  inches. 

TS 
Or,  P.=^ 

in  which  r= thickness  of  shell  of  cylinder,  in  inches; 
/?  =  internal  radius,  in  inches; 
5 = ultimate  tensile  strength  of  material,  in  pounds  per 

square  inch; 
P6= blunting  pressure,  in  pounds  per  square  inch. 

Example. — A  cylinder  48  inches  in  internal  diameter  and  .375  inch 
thick  is  made  of  wrought  iron  having  a  tensile  strength  of  50,000  pounds 
per  square  inch;  what  is  its  bursting  pressure? 

Solution. — The  internal  radius  is  48-5-2  =  24  in.     On  application  of  the 

rule, 

.375X50,000 
^f>^ OA =781.25  lb.  per  sq.  in.     Ans. 

20.  When  a  cylinder  has  a  longitudinal  seam  or  joint,  its 
bursting  strength  is  diminished.  It  is  ustial  to  express  the 
efficiency  of  a  seam  or  joint  in  per  cent,  of  the  solid  plate. 

Rule. — To  find  the  bursting  strength,  in  pounds  per  square 
inch,  of  a  cylinder  having  a  longitudinal  seam  or  joint,  divide 
the  product  of  the  thickness,  in  inches,  the  tensile  strength  of  the 
material,  in  pounds  per  square  inch,  and  the  efficiency  of  the 
seam  or  joint  expressed  decimally,  by  the  internal  radius,  in  inches. 

Or  P-TSE 

Or.  P»— ^ 

in  which  E  is  the  efficiency  of  the  joint,  expressed  decimally, 
and  the  other  letters  have  the  same  meaning  as  in  the  formula 
given  in  Art.  19. 


12  MARINE-BOILER  INSPECTION  §  18 

BxAMPi,K. — ^A  boiler  shell  60  inches  in  diameter  is  oofutructed  of  mate- 
rial having  a  tensile  strength  of  00,000  pounds  per  square  inch  and  .6  inch 
thidc  It  has  a  single-riveted  longitudinal  joint  having  an  efficiency  of 
56  per  cent.,  at  what  pressure  will  the  shell  hurst? 

Solution. — ^The  internal  radius  is  60-i-2'-30  indies.  On  applkataon 
of  the  rule,     « 

„    .6xeo.ooox.56   ^^,^  .      ^ 

ft ^6601b.persq.m.    Ans. 

The  fundaxnental  rules  given  in  Arts.  10  and  20  axe  used 
in  the  Canadian  and  American  rules  as  a  basis  for  determining 
the  safe  working  pressure  on  boiler  shells  and  pipes  subjected 
to  internal  pressure,  either  by  introducing  a  factor  of  sa£ety 
or  a  coefficient  combining  a  factor  of  safety  with  the  efficiency 
of  the  longitudinal  seam  or  joint.  A  factor  of  safety,  when 
leferring  to  boilers,  may  be  defined  as  the  ratio  between  the 
sa£e  working  pressure  and  the  bursting  pressure. 

21*  American  Rule  for  Worklngr  Pressure  cm  Boiler 
Shell. — ^The  American  rules  provide  that  the  working  pres- 
sure allowable  on  a  boiler  shell  shall  be  ascertained  as  follows: 

Rule. — Multiply  one-sixth  of  the  lowest  tensile  strength  found 
stamped  on  the  plates  in  the  cylindrical  shell  by  the  thickness, 
expressed  in  inches  or  part  of  an  inch,  and  divide  by  the  radius 
or  half  diameter,  also  expressed  in  inches,  and  the  result  will  be 
the  pressure  allowable  per  square  inch  of  surface  for  single  riveting, 
to  which  add  20  per  cent,  where  the  longitudinal  laps  of  the  cylin- 
drical parts  of  such  boiler  are  double  riveted,  when  all  the  rivet 
holes  of  such  boiler,  including  steam  and  mud-drums,  have  been 
fairly  drilled  and  no  part  of  such  holes  has  been  punched.  The 
pressure  allowed  shall  be  based  on  the  plate  whose  tensile  strength 
multiplied  by  its  thickness  gives  the  lowest  product. 

Or,  for  single-riveted  longitudinal  joints, 

P  =Li 

and  for  double-riveted  longitudinal  joints, 

_\2Tt_Tt 
6i?      5i? 
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in  which  P«,  =  working  pressure,  in  pounds  per  square  inch; 
/?  =  radius,  in  inches; 
T  ^= lowest  product  of  tensile  strength,  in  pounds  per 
square  inch,  and  plate  thickness,  in  inches. 

In  case  all  boiler  shell  plates  have  the  same  thickness,  the 
factor  7  /  in  the  formulas  will  have  its  lowest  value  when  the 
plate  thickness  is  multiplied  by  the  lowest  tensile  strength  found 
stamped  on  any  plate.  If,  however,  the  boiler  shell  plates 
differ  in  thickness  and  tensile  strength,  then  each  plate  thick- 
ness must  be  multiplied  by  its  own  tensile  strength,  and  the 
different  products  compared  in  order  to  find  the  lowest  value 
of  T  t.  Thus,  assimie  that  a  boiler  shell  is  made  of  plate  1  inch 
thick  and  58,000  pounds  per  square  inch  tensile  strength,  but 
that  one  plate  is  only  f|  inch  thick  and  has  a  tensile  strength 
of  65,000  pounds  per  square  inch.  Then,  the  value  of  Tt 
is  1X58,000  =  58,000  for  the  1-inch  plates  and  ||X  65,000 
=  60,937.5  for  the  |f-inch  plate,  and  hence  the  working  pres- 
stire  in  this  particular  case  will  be  based  on  the  1-inch  plate. 

The  factors  5  and  6  appearing  in  the  formulas  are  not  fac- 
tors of  safety,  but  coefficients;  making  allowance  for  the  weak- 
ening effect  of  the  seams,  these  coefficients  usually  represent 
factors  of  safety  of  3.5  and  3.4,  approximately,  for  single- 
riveted  and  double-riveted  longitudinal  joints,  respectively. 
In  the  American  rules  no  allowance  is  made  for  triple-riveted 
and  quadruple-riveted  longitudinal  joints;  the  working  pres- 
sure allowable  is  computed  for  boilers  having  such  joints  as 
though  they  were  double  riveted. 

Example  1. — A  boiler  48  inches  in  diameter,  with  single-riveted  seams, 
is  constructed  of  plates  i  inch  thick;  the  lowest  tensile  strength  found 
stamped  on  any  plate  is  50,000  pounds  per  square  inch.  What  working 
pressure  will  be  allowed  on  the  boiler  shell? 

Solution. — On  application  of  the  rule. 

„      iX50,000    ,^^„,^ 

Pw= — : — 48—  =  130.2  lb.  per  sq.  in.    Ans, 

Example  2. — A  Scotch  boiler  is  14  feet  2  inches  in  diameter;  the  shell 
plates  are  of  steel  having  a  lowest  tensile  strength  of  62,000  pounds  per 
square  inch  and  are  1  inch  thick.     The  longitudinal  seams  are  triple 
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riveted,  with  inner  and  outer  butt  straps.    What  working  pressure  will 
be  allowed  on  the  shell? 

Solution.—  14  ft.  2  in.  =  170  in.  The  radius  is  170 -i- 2 =85  in.  On 
application  of  the  rule, 

62,000X1 
Pu>  =  — - — rr—  =  145.9  lb.  per  sq.  in.,  nearly.     Ans. 

OXoO 

22.  Canadian  Rules  for  Working  Pressure  on  Boiler 
Shell. — Both  parts  of  the  Canadian  rules  provide  that  the 
allowable  working  presstire  on  a  boiler  shell  is  to  be  ascertained 
as  follows: 

Rule. — Multiply  the  tensile  strength  of  the  material,  in  pounds 
per  square  inch,  by  the  least  efficiency  of  the  longitudinal  joint, 
in  per  cent,  expressed  decimally,  by  2,  and  by  the  plate  thickness^ 
in  inches.  Divide  the  product  by  the  product  of  the  factor  of  safety 
and  the  inside  diameter  of  the  boiler,  in  inches.  The  quotient 
will  be  the  allowable  pressure,  in  pounds  per  square  inch,  on  the 
boiler  shell, 

S%2T 


Or.  B  = 


FD 


in  which  B  =  working  presstire,  in  pounds  per  square  inch; 
5  =  tensile  strength,  in  pounds  per  square  inch; 
%  =  least  efficiency  of  longitudinal  joint,  in  per  cent., 

expressed  decimally; 
r  =  thickness  of  plate,  in  inches; 
Z)  =  diameter  of  boiler,  in  inches; 
F  =  factor  of  safety. 

Example. — What  working  pressure  is  allowable  on  a  boiler  shell  14  feet 
2  inches  in  diameter,  IJ  inches  thick,  constructed  of  steel  plates  having 
a  tensile  strength  of  60,000  pounds  per  square  inch,  and  a  joint  efficiency 
of  80  per  cent.,  using  a  factor  of  safety  of  4.8? 

Solution. —     14  ft.  2  in.  =  170  in.     On  application  of  the  rule, 

„     60,000 X. 80X2X1.25     _^  „  ,         ^ 

B= : =  147  lb.  per  sq.  in.,  nearly.     Ans. 

4.8X170  1        i       »  y 

23.  It  is  to  be  noted  in  regard  to  the  tensile  strength  of 
the  material  that  in  Part  I  of  the  Canadian  rules,  iron  plates 
are  to  be  assumed  to  have  a  tensile  strength  of  47,000  pounds 
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per  square  inch  (48,000  pounds  in  Part  II,  Canadian  rules) 
with  the  grain,  and  40,000  pounds  per  square  inch  (42,000 
poimds  in  Part  II,  Canadian  rules)  across  the  grain.  Steel 
plates  under  the  same  conditions  are  assumed  in  Part  I  to  have 
a  tensile  strength  of  27  gross  tons  per  square  inch,  and  in  Part  II 
of  60,000  pounds  per  square  inch;  their  actual  tensile  strength 
may  be  used  only  in  case  the  surveyor  or  inspector  has  personally 
witnessed  the  testing  of  all  the  plates. 

24.  The  Canadian  rules  specify  in  Part  I:  "When  cylin- 
drical boilers  or  the  cylindrical  parts  of  boilers  composed  of 
iron  plates  are  made  of  the  best  material  with  all  rivet  holes 
drilled  in  place  and  all  the  seams  fitted  with  double  butt  straps, 
each  of  at  least  five-eighths  the  thickness  of  the  plates  they 
cover,  and  all  the  seams  at  least  double  riveted  with  rivets 
having  an  allowance  of  not  more  than  75  per  cent,  over  the 
single  shear,  and  provided  that  the  boilers  have  been  open  to 
inspection,  then  4.5  n:iay  be  used  as  the  factor  of  safety.** 
Part  II  names  4  as  the  factor  of  safety.  "When  the  above 
conditions  are  not  complied  with,  the  addition,  in  the  following 
scale,  must  be  added  to*  the  factor,  according  to  the  circum- 
stances of  each  case.**  The  scale  referred  to  in  the  last  sen- 
tence is  that  given  in  Table  I.  The  object  of  these  additions 
to  the  factor  of  safety  is  to  penalize  poor  workmanship  and 
design  by  cutting  down  the  working  pressure  allowed  on  the 
boiler. 

Example. — What  pressure  would  be  allowed  under  Part  I  of  the  Cana- 
dian rules  on  the  shell  of  a  Scotch  boiler  having  a  diameter  of  12  feet,  and 
made  of  iron  plate  1  inch  thick,  with  the  plates  placed  so  the  greatest  stress 
comes  on  them  with  the  grain?  The  longitudinal  seams  are  lapped  and 
double  riveted,  have  an  efficiency  of  66.6  per  cent.,  and  the  rivet  holes 
have  been  punched  fair  and  good  after  bending.  The  circumferential 
seams  are  lapped,  fair  and  well  pimched  after  bending,  and  are  single 
riveted.  The  boiler  has  been  open  to  inspection  and  the  surveyor  is  satis- 
fied with  the  quality  of  the  material. 

Solution. — As  was  stated  in  Art.  24,  Part  I  of  the  Canadian  rules 
calls  for  a  factor  of  safety  of  4.5.  This  is  to  be  increased,  for  lap  joints 
and  double  riveting,  by  .2  (see  K,  Table  I);  and  by  .3  for  punching  in  the 
longitudinal  seams  after  bending  (see  C,  Table  I);  and  by  .2  for  circum- 
ferential seams  lapped  and  single  riveted  (see  T,  Table  I);  and  by  .15  for 


TABLE  I 
ADDITIONS    TO    FACTOR    OF    SAFETY    ON    BOILER    SHELIiS 


Identification 
Letter 


B 


D 


E* 


H 


r 


K 


M 


15 


•3 


.3 


.5 


.75 


.1 


.15 


.15 


.2 


.2 


.1 


Condition 


To  be  added  when  all  the  holes  are  £air  and 

good  in  the  longitudinal  seams,  but  drilled 

out  of  place  after  bending. 
To  be  added  when  all  the  holes  are  fair  and 

good  in  the  longitudinal  seams,  but  drilled 

before  bending. 
To  be  added  when  all  the  holes  are  fair  and 

good  in  the  longitudinal  seams,  but  punched 

after  bending. 
To  be  added  when  all  the  holes  are  fair  and 

good  in  the  longitudinal  seams,  but  punched 

before  bending. 
To  be  added  when  all  the  holes  are  not  fair 

and  good  in  the  longitudinal  seams. 
To  be  added  if  the  holes  are  all  fair  and  good 

in  the  circumferential  seams,  but  drilled  out 

of  place  after  bending. 
To  be  added  if  the  holes  are  fair  and  good  in 

the  circimiferential  seams,  but  drilled  before 

bending. 
To  be  added  if  the  holes  are  fair  and  good  in 

the  circumferential  seams,  but  punched  after 

bending. 
To  be  added  if  the  holes  are  fair  and  good  in 

the  circumferential  seams,  but  punched  before 

bending. 
To  be  added  if  the  holes  are  not  fair  and  good 

in  the  circumferential  scams. 
To  be  added  if  double  butt  straps  are  not  fitted 

to  the  longitudinal  seams  and  the  said  seams 

are  lapped  and  double  riveted. 
To  be  added  if  double  butt  straps  are  not  fitted 

to  the  longitudinal  seams,  and  the  said  seams 

arc  lapi)ed  and  treble  riveted. 
To  be  added  if  only  single  butt  straps  are  fitted 

to  the  longitudinal  seams,  and  the  said  seams 

are  double  riveted. 
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TABLE  I — (Continued) 


Identification 
Letter 

Add 

Condition 

To  be  added  if  only  single  butt  straps  are  fitted 

N 

•15 

to  the  longitudinal  seams,  and  the  said  seams 
are  treble  riveted. 

0 

T  e\ 

To  be  added  when  any  description  of  joint  in 

1  .tl 

the  longitudmal  seams  is  single  riveted. 

^ 

To  be  added  if  the  circumferential  seams  are 

P** 

.1 

fitted  with  single  butt  straps  and  are  double 
riveted. 
To  be  added  if  the  circumferential  seams  are 

Q** 

.2 

fitted  with  single  butt  straps  and  are  single 
riveted. 
To  be  added  if  the  circumferential  seams  are 

R** 

.1 

fitted  with  double  butt  straps  and  are  single 
riveted. 

S** 

m 

To  be  added  if  the  drctunferential  seams  are 

.1 

lapped  and  double  riveted. 

To  be  added  if  the  circumferential  seams  are 

T 

.2 

lapped  and  single  riveted. 
To  be  added  when  the  circumferential  seams 

U 

.25 

are  lapped  and  the  strakes  of  plates  are  not 
entirely  under  or  over. 
To  be  added  when  the  boiler  is  of  such  a  length 
as  to  fire  from  both  ends,  or  is  of  unusual 
length,  as  in  the  case  of  flue  boilers,  and  the 

V 

•3 

circimiferential  seams  fitted  as  described  oppo- 
site P,  /?,  and  5;  but  when  the  circimiferential 
seams  are  as  described  opposite  Q  and  T, 
.4  should  be  added. 

W* 

M 

To  be  added  if  the  longitudinal  seams  are  not 

•4 

properly  crossed. 

To  be  added  when  the  iron  is  in  any  way  doubt- 

X* 

4 

ful  and  the  inspector  is  not  satisfied  that  it 
is  of  the  best  quality. 
To  be  added  if  the  boiler  is  not  open  to  inspec- 

YX 

1.65 

tion  during  the  whole  period  of  its  construc- 
tion. 
Part  II,  Canadian  rules:    To  be  added  if  the 

Yt 

I.O 

boiler  is  not  open  to  inspection  during  the 
whole  period  of  its  construction. 
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pdnchinK  the  holes  in  tlM  diGumfwaatkl  aeum  (m  B,  Tdfe  I).    TUi 
S  the  factor  of  saCl^ 

The  tensile  strength  at  iraa  {date  k  to  be  tiltCB  u  47^000  B>.  par  iq.  ia, 
'.-^  Kith  the  grain,  as  was  ftated  to  Art  23*    On  ^qiliatkn  of  tho  rale  In 
Art.  22, 

47JK»X.«66XaXl 

s^xi2xia 


■81 H).  per  iq.  in.,  appn^aitUlj.    Ana. 


Ham  IN  RsouD  to  Tabu  I 

•Both  parts  of  Canadian  nifaa;  .  "Wbcn  marked 
be  increased  still  further  if  the  worfimanriiip 
or  unsatisfactory." 

**Both  parts  of  Catudiut  mto:  "Sfaell  not  apply  to  the  end  or  cir- 
cumferential seams  if  sudi  Menu  an  n£Bciently  stayed  by  through  boltsi 
nor  to  the  seams  between  tbe  aqiUUV  and  round  part  of  the  shell,  in  cylrn- 
drical  boilers  with  square  fiinaoo,  lAea  Kch  searas  are  double  riveted." 

tBoth  parts  of  Canadiaa  mki:  "When  surveying  (inspecting)  boilen 
that  have  not  been  open  to  iBm»ectiaa  during  construction,  the  case  should 
be  submitted  to  the  Ctuunaaa  u  to  the  factors  to  be  used." 

25.  The  Canadian  rules  state  for  steel;  "The  rivet  sec- 
tion, if  of  iron,  in  the  longitudinal  Beams  of  o'lindrical  shells, 
where  lapped  and  at  least  double  riveted,  should  not  be  less 
than  V  times  the  net  plate  Bection;  but  if  sted  rivets  are  used, 
their  section  should  be  at  least  }|  of  the  net  section  of  the 
plate  if  the  tensile  strength  of  the  rivet  is  not  less  than  27  tons 
gross  and  not  more  than  32  tons  gross  per  square  int^.  There- 
fore, in  calculating  the  working  pressure,  the  percentage  strength 
of  the  rivets  may  be  found  in  the  usual  way  by  the  rules,  but 
in  the  case  of  iron  rivets  the  percentages  found  should  be 
divided  by  -V>  and  in  the  case  of  steel  rivets  by  H,  the  result 
being  the  percentages  required.  If  the  percentage  strength  of 
the  rivets  by  calculations  is  less  than  the  calculated  percentage 
strength  of  the  plate,  calculate  the  working  pressure  by  both 
percentages.  When  using  the  percentage  strength  of  the  plate, 
4.25  plus  the  additions  suitable  for  the  method  of  construction 
as  by  the  rules  for  iron  boilers  may  be  used  as  the  nominal 
factor  of  safety,  but  when  using  the  percentage  strength  of  the 
rivets,  4.25  may  be  used  as  the  factor  of  safety.  The  less  of 
the  two  pressures  so  found  is  the  working  pressure  to  be 
allowed  for  the  cylindrical  portion  of  the  shell,  or  otherwise  in 
accordance  with  the  formulas  in  the  appendix." 


I 
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The  f ormtdas  referred  to  are  given  under  the  heading  Riveted 
Joints. 

26.  The  working  pressure  allowable  on  the  shell  of  cylin- 
drical superheaters,  under  the  Canadian  rules,  is  to  be  cal- 
culated in  the  same  manner  as  for  a  boiler  shell,  except  that 
the  tensile  strength  of  the  iron  must  be  taken  as  30,000  pounds 
per  square  inch,  unless  the  heat  or  flame  impinges  at,  or  nearly 
at,  right  angles  to  the  plate,  when  22,400  pounds  per  square 
inch  is  to  be  used  as  the  tensile  strength. 

27.  The  working  presstire  of  the  shells  of  steam  drums 
and  mud-drums,  except  those  of  water-tube  boilers,  is  calcu- 
lated by  the  same  rules  governing  that  of  the  boiler  shell. 

28.  WorklngPressure  Allowable  on  Drums  of  Water- 
Tube  Boilers. — ^The  Canadian  rules  specify  that  the  working 
pressure  on  water-tube  boiler  drums  exposed  to  the  fire  is  to 
be  found  by  the  rule  given  in  Art.  22 ;  the  strength  of  the  plate 
is  to  be  taken  as  30,000  pounds  per  square  inch,  and  the  factor 
of  safety  as  5,  with  additions  thereto,  if  necessary,  as  specified 
in  Art.  23  and  Table  I ;  the  efficiency  of  the  joint  is  to  be  cal- 
culated and  also  the  percentage  of  plate  left  by  the  line  of  holes 
where  the  water  tubes  are  attached,  and  the  lowest  percentage 
found  in  each  case  is  to  be  used. 

When  the  drum  of  a  water-tube  boiler  is  not  exposed  to 
flame,  under  Canadian  rules,  the  calculation  is  made  in  the 
same  manner  as  for  a  boiler  shell;  5  is  used  as  the  factor  of 
safety,  with  additions  such  as  the  conditions  specified  in 
Art.  23  require,  and  allowance  is  made  for  the  weakening  due 
to  the  holes  receiving  the  water  tubes. 

29.  The  American  rules  state  that  the  working  pressure 
allowable  on  the  shell  of  a  drum  forming  part  of  a  water-tube 
or  coil  boiler,  when  such  shell  has  a  row  or  rows  of  pipes  or 
tubes  inserted  therein,  shall  be  determined  as  follows: 

Rule. — From  the  distance,  in  inches,  between  the  ti4be  or  pipe 
centers,  in  a  line  from  head  to  head,  subtract  the  diameter  of  the 
tube  hole,  in  inches,  or  the  product  of  the  number  of  tube  holes  in 
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one  pitch  and  the  diameter  of  the  tube  Iwle.  Multiply  the  remain- 
der by  the  thickness  of  the  plate,  in  inches,  and  by  one-sixth  of  its 
,  tensile  strength.  Divide  the  product  by  the  product  of  the  dis- 
tance, in  inches,  between  the  tube  or  pipe  centers  in  a  line  from 
head  to  head,  and  the  radius  of  the  shell,  in  inches.  The  quotient 
will  be  the  allowable  working  pressure,  in  pounds  per  square  inch, 
on  the  shell  of  a  water-tube  boiler  drum. 

Or.  ^-^^=§P  <" 

and  p^JZ>~n^)r5 

DR 

in  which  P„:  =  allowable  working  pressure,  in  pounds  per  square 

inch; 
D  =  distance  between  tube  or  pipe  centers  in  a  line 

from  head  to  head,  in  inches; 
d= diameter  of  hole,  in  inches; 
r= thickness  of  plate,  in  inches; 
5  =  one-sixth  of  tensile  strength; 
/?  =  radius  of  shell,  in  inches; 
n  =  number  of  tube  holes  in  one  pitch. 

When  all  the  rows  of  tubes  entering  the  dnim  have  the  same 
center- to-ccntcr  distance  between  the  tubes  of  the  same  row, 
the  number  n  of  tube  holes  in  one  pitch  =  1.  When,  however, 
one  row  of  tubes  has  a  greater  center- to-center  distance  between 
tubes  than  an  adjacent  row,  the  number  of  tube  holes  in  one 
jDitch  is  greater  than  1 ;  thus,  if  the  one  row  of  tubes  has  twice 
the  center- to-center  distance  between  the  tubes  of  this  row  than 
the  next  row,  the  number  of  tubes  in  one  pitch  =  2.  If  the 
tubes  in  one  row  are  spaced  4  inches  a]:)art  and  in  the  next  row 
3  inches  apart,  the  number  of  tulx^  holes  in  one  ])itch  is  4-^3 
=  1J,  etc. 

Example. — The  drum  of  a  watcT-tube  boiler  has  a  diameter  of  24  inches, 
is  \  inch  thick,  and  is  constructed  of  steel  having  a  tensile  strength  of 
()<),()()0  pounds  per  scjuare  inch.  The  water  tubes  are  I4  inches  outside 
diameter  and  spaced  2  inches  center  to  center  in  all  the  rows.  What 
working  pressure  is  allowable  on  the  shell  under  American  rules? 
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Solution.—    5=60,000-5-6  =  10,000.     -R  =  24-t-2  =  12.     On  application 

of  formula  1 , 

(2- li)X. 5X10,000 
/'tr  = o~  "io =156.25  lb.  per  sq.  in.     Ans. 

30.  Hydrostatic  Test  Pressures. — The  American  rules 
provide  that  fire-tube  boilers  must  be  subjected  to  a  hydro- 
static test  of  one  and  one-half  times  the  working  pressure,  and 
water-tube  boilers  must  be  tested  to  twice  the  working  pressure. 

The  Canadian  rules  specify  the  same  tests  as  the  American 
rules. 

EXAMPLES    FOR    PRACTICE 

1.  What  is  the  bursting  pressure  of  a  seamless  steel  tube  10  inches 
in  diameter  and  i  ijich  thick,  if  the  tensile  strength  is  65,000  poimds  per 
square  inch?  Ans.  3,250  lb.  per  sq.  in. 

2.  A  boiler  shell  48  inches  in  diameter  and  f  inch  thick  has  a  tensile 
strength  of  55,000  pounds  per  square  inch.  The  efficiency  of  the  joint 
being  70  per  cent.,  at  what  pressure  would  the  shell  burst? 

Ans.  601.56  lb.  per  sq.  in. 

3.  What  working  pressure,  under  American  rules,  will  be  allowed  on 
a  48-inch  boiler  shell  f  inch  thick,  double  riveted,  and  having  a  tensile 
strength  of  50,000  pounds  per  square  inch?        Ans.  156.25  lb.  per  sq.  in. 

4.  A  water-tube  boiler  has  a  dnmi  20  inches  in  diameter  and  j^  inch 
thick,  the  plate  having  a  tensile  strength  of  60,000  pounds  per  square 
inch.  The  water  tubes  have  an  outside  diameter  of  2  inches  and  are 
spaced  4  inches  center  to  center  in  all  the  rows.  What  working  pressure 
will  be  allowed  under  American  rules?  Ans.  218.75  lb.  per  sq.  in. 

5.  A  water-tube  boiler  is  to  be  worked  at  200  pounds  per  square  inch; 
what  must  the  hydrostatic  test  pressure  be  under  American  rules? 

Ans.  400  lb.  per  sq.  in. 


RIVETED  JOD^S 


GENERAL    RECUTLATIONS 

31.  The  American  rules  prescribe  that  all  rivet  holes  in 
marine  boilers,  including  steam  drums  and  mud-drums,  as  well 
as  all  holes  for  tubes  and  stay-bolts,  must  be  fairly  drilled;  no 
part  of  such  holes  is  permitted  to  be  punched. 
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The  Canadian  rules  permit  the  punching  of  holes,  penalizing 
this  method,  however,  by  requiring  a  higher  factor  of  safety 
to  be  used.     See  Table  I. 

According  to  the  Canadian  rules,  rivets  in  double  shear  are 
considered  as  having  1.75  times  the  shearing  strength  of  rivets 
in  single  shear. 

Rivets,  before  riveting,  are  usually  about  -jV  "^ch  smaller 
in  diameter  than  the  rivet  hole,  to  permit  easy  insertion;  when 
riveted  they  fill  the  hole.  In  all  rules  and  formulas  involving 
the  use  of  either  the  diameter  or  area  of  rivets,  the  diameter 
or  area  after  riveting  is  referred  to. 

The  Canadian  rules  specify  that  when  plates,  including  butt 
straps,  have  been  drilled  in  place,  the  plates  miist  be  taken 
apart  after  drilling,  the  burr  taken  off,  and  the  holes  slightly 
coimtersunk  from  the  outside. 


BUTT    KTRAP8 

32.  Under  American  rules,  single  butt  straps  must  not 
be  thinner  than  the  plate;  double  butt  straps  must  be  at  least 
five-eighths  the  plate  thickness.  The  Canadian  rules  demand 
single  butt  straps  to  be  at  least  one  and  one-eighth  the  plate 
thickness;  double  butt  straps  must  be  at  least  five-eighths  the 
plate  thickness.  The  same  rules  specify  that  butt  straps  must 
be  cut  from  plates,  be  of  as  good  quality  as  the  shell  plates,  and 
those  for  the  longitudinal  seams  should  be  cut  across  the  fiber. 
The  Canadian  rules  specify  that  where  the  number  of  rivets 
in  the  inner  row  is  double  the  number  in  the  outer  row,  that  is, 
when  every  alternate  rivet  in  the  outer  row  has  been  omitted, 
the  least  thickness  of  the  butt  straps  must  be  found  as  follows : 

Rule  I. — To  find  the  least  thickness  of  a  single  butt  strap  with 
a  joint  having  every  alternate  rivet  mnittcd  in  the  outer  row,  mul- 
tiply 9  by  the  plate  thickness,  in  inches,  and  by  the  difference 
between  the  pitch  and  the  rivet  diameter.  Divide  the  product  by  8 
times  the  difference  between  the  greatest  pitch  and  twice  the  rivet 
diameter. 

Or.  T^JT'^t^-'^^  (1) 

H{p-2d) 
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in  which        71  =  thickness  of  butt  strap,  in  inches; 

r= thickness  of  plate,  in  inches; 
/>= greatest  pitch  of  rivets,  in  inches; 
(i= diameter  of  rivet,  in  inches. 

Rule  II. — To  find  the  least  thickness  of  double  buU  straps  with 
a  joint  having  every  alternate  rivet  omitted  in  the  outer  row,  mul- 
tiply 6  by  the  plate  thickness,  in  inches,  and  by  the  difference 
between  the  pitch  and  the  rivet  diameter.  Divide  the  product  by 
8  times  the  difference  between  the  pitch  and  twice  the  rivet  diameter. 

Or,  ^     5T{p^d) 

S(p-2d) 
in  which  the  letters  have  the  same  meaning  as  in  formula  1. 

Example  1. — A  single-butt-strap  joint  is  triple  riveted,  the  pitch  of 
the  rivets  in  the  outer  row  being  9  inches  and  in  the  inner  rows  4^  inches; 
the  plate  is  1 J  inches  thick  and  the  rivets  are  ij  inches  in  diameter.  What 
is  the  least  thickness  of  the  butt  strap? 

Solution. — On  application  of  rule  I, 

^1  -  ":;: — ::: — :: — ;  i  v"  =  1-758  m.    Ans. 
8X(9-2xli) 

Example  2. — In  a  triple-riveted  double-butt-strap  joint,  the  rivets 
are  l\  inches  in  diameter  and  have  a  pitch  of  8  inches  in  the  outer  row 
and  4  inches  in  the  inner  rows.  The  plate  being  1  inch  thick,  what  should 
be  the  least  thickness  of  the  butt  straps? 

Solution. — On  application  of  rule  II, 

^     5X IX  (8-1  J)      ^^^. 

^1  * o     ,o    ^     A. " -767  in.    Ans. 
8X(8-2Xli) 


EXAMPLES    FOR    PRACTICE 

1.  Under  Canadian  rules,  in  a  double-butt-strap  triple-riveted  joint 
having  every  alternate  rivet  omitted  in  the  outer  row,  what  is  the  least 
thickness  of  the  butt  straps?  The  plate  is  J  inch  thick;  the  rivets  are  l-j^ 
inches  in  diameter  and  pitched  7  inches  in  the  outer  row.        Ans.  .666  in. 

2.  Under  American  rules,  what  is  the  least  thickness  of  the  butt  strap 
in  a  double-butt-strap  joint  for  a  plate  thickness  of  1 J  inches? 

Ans.  ff  in. 
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FBOPOBTIONS   or   JOIMTB 

I 

88.  Introductory. — ^The  American  rules  only  contain 
formulas  for  the  proportions  of  single-riveted  and  double- 
riveted  lap  joints;  the  Canadian  rule9  give  formulas  for  butt 
joints  as  well.  The  usual  joints  met  with  in  marine  boilers  are 
given  in  Fig.  2. 

In  the  formulas  given  here,  the  letters  have  the  following 
meaning: 

y^distance  between  rows  of  rivets,  in  inches; 

Vi«distance  between  inner  and  middle  row  of  rivets,  in 

inches,  in  triple-riveted  butt  joints  having  alternate 

rivets  omitted  in  the  outer  row; 
d* diameter  of  rivets,  in  inches; 
F<=  factor  of  safety  for  shell  plates; 
n^number  of  rivets  in  one  pitch; 
^jtsdiagonal  pitch,  in  inches; 
P4*"diagonal  pitch,  in  inches,  between  inner  and  middle  row 

of  rivets  in  triple-zigzag-riveted  butt  joints  having 

every  alternate  rivet  omitted  in  the  outer  row; 
fB  percentage  of  plate  left  between  rivet  holes  in  greatest 

pitch; 
p  =  greatest  pitch  of  rivets,  in  inches; 
5i  =  tensile  strength  of  plate,  in  tons  of  2,240  pounds; 
r= thickness  of  plate,  in  inches. 

The  ntmiber  n  of  rivets  in  one  pitch  is  an  expression  requiring 
an  explanation.  Conceive  the  joint  to  be  divided  by  lines  at 
right  angles  to  itself  into  equal  strips  having  a  width  equal  to 
the  greatest  pitch  of  the  rivets.  Then,  the  ntmiber  of  rivets 
in  one  of  these  strips  is  the  number  referred  to.  In  case  of 
butt  joints,  the  number  of  rivets  at  one  side  of  the  joint  is  taken. 

In  a  single-riveted  lap  or  butt  joint  n  =  1 ;  in  a  double-riveted 
lap  or  butt  joint,  either  chain  or  zigzag  riveted,  n=2;  in  a 
triple-riveted  lap  or  butt  joint,  either  chain  or  zigzag  riveted, 
n  =  3;  in  a  quadruple-riveted  lap  joint,  either  chain  or  zig- 
zag riveted,  n  =  4;  in  a  double-riveted  butt  joint,  either  chain 
or  zigzag  riveted,  with  ever\'  alternate  rivet  omitted  in  the 


I- 

11 
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outer  row,  n  =  3;  in  a  triple-riveted  lap  joint,  either  chain  or 
zigzag  riveted,  with  every  alternate  rivet  omitted  in  the  two 
outer  rows,  n=4;  in  a  triple-riveted  butt  joint,  either  chain  or 
zigzag  riveted,  where  every  alternate  riv^t  has  been  omitted 
in  the  inner  and  outer  rows,  n  =  4;  in  a  triple-riveted  butt  joint, 
either  chain  or  zigzag  riveted,  where  every  alternate  rivet  has 
been  omitted  in  the  outer  row,  n  =  5. 

34.  Rules  for  Pitch  of  Rivets. — Under  American  rules, 
to  find  the  pitch  of  rivets  in  single-riveted  or  double-riveted 
lap  joints,  either  chain  or  zigzag  riveted,  for  iron  plates  and 
iron  rivets,  proceed  as  follows:  ' 

Rule. — Square  the  diameter  of  the  rivet,  in  inches,  multiply 
by  ,7864f  and  also  by  the  number  of  rivets  in  one  pitch.  Divide 
the  product  by  the  thickness  of  the  plate,  in  inches,  and  to  the 
quotient  add  the  diameter  of  the  rivet. 

^                               ^    (?.7854n,   . 
Or.  p= +d 

Example. — What  is  the  pitch  for  a  double-riveted  lap  joint  having 
rivets  a  inch  in  diameter,  the  plate  being  |  inch  thick?  Both  the  plate 
and  the  rivets  are  iron. 

Solution. — On  application  of  the  rule, 

(H)'X. 7854X2.  ,^ 
p  = J |-it  =  3.146  in.    Ans. 

35.  For  steel  plate  and  steel  rivets,  the  pitch,  under  the 
American  rules,  is  found  as  follows  for  single-riveted  or  double- 
riveted  lap  joints : 

Rule. — Multiply  23  by  the  square  of  the  rivet  diameter,  in 
inches,  and  by  .7854  and  by  the  number  of  rivets  in  one  pitch. 
Divide  the  product  by  28  times  the  thickness  of  the  plate,  in  inches^ 
and  to  the  quotient  add  the  rivet  diameter, 

n                               >.    23  cP  .7854  n  ,   . 
Or,  /?  = \-d 

287 

645  ^n 
Note. — This  formula  reduces   to  the  simpler  form  p  =  '- — = \-d\ 

examiners  of  marine  engineers  usually  prefer  candidates  to  work  examples 
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by  the  formulas  printed  in  the  Rules  td  their  various  Bcaxds,  wfaidi  for- 
mulas for  this  reason  are  here  given  as  they  appear  in  the  American  and 
Oanadian  rules.  Many  of  these  formulas  can  be  reduced  mathematicaHy 
to  a  stm{der  form. 

EzAMPLB. — ^Pind  the  pitch  of  steel  rivets  { inch  in  diameter  for  a  sio^e- 
nveted  lap  joint,  with  sted  plate  A  inch  thick. 

SoLimoN.— On  the  application  of  th6  rule, 

28 X A +1 -2.004  m.    Ans. 

80.  To  prevent  choosing  a  pitch  of  rivets  larger  in  pro- 
portion to  the  thickness  of  the  plate  than  experience  has  shown 
to  be  warranted,  the  American  rules  provide  that  in  single- 
riveted  lap  joints  the  pitch  of  the  rivets  must  never  be  greater 
than  1.31  times  the  plate  thicdmess  plus  If  inches.  For  double- 
riveted  lap  joints,  the  pitch  must  not  exceed  2.62  times  the  plate 
thickness  plus  If  inches. 

87*  The  Canadian  rule  for  finding  the  greatest  pitch  of 
rivets  in  ordinary  chain  or  zigzag-riveted  lap  or  butt  joints  for 
iron  plates  with  iron  rivets  is  as  follows: 

Rule. — Multiply  the  square  of  the  rivet  diameter  by  .7864  cmd 
by  the  number  of  rivets  in  one  pitch,  and  by  1,75  if  the  rivets  are 
in  double  shear.  Divide  the  product  by  the  plate  thickness  and  to 
the  quotient  add  the  rivet  diameter. 


Or,  for  single  shear, 


^    d^  .7854  n  ,   . 
p= \-d 


and  for  double  shear. 


^    (i2 .7854  n  1.75  ,  ^ 
p  = ho 

r 

Example. — What  is  the  greatest  pitch  of  the  rivets  in  an  ordinary 
triple-riveted,  double-butt-strap  joint  where  the  plate  is  1  inch  thick  and 
the  rivets  are  It^  inches  in  diameter,  both  plate  and  rivets  being  of  iron? 

Solution. — In  this  case  »=3;  see  Art.  33.  The  rivets  are  in  double 
shear.    On  application  of  the  rule, 

/>= |-1A  =  5.717  in.    Ans. 
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38.  The  Canadian  rule  for  finding  the  greatest  pitch  of 
rivets  in  ordinary  chain  or  zigzag-riveted  lap  or  butt  joints 
for  steel  plates  with  steel  rivets  is  as  follows: 

Rule. — Multiply  23  by  the  square  of  the  diameter  of  the  rivet, 
in  inches^  -and  by  .7864f  and  the  number  of  rivets  in  one  pitch, 
and  by  1,76  if  the  rivets  are  in  double  shear,  and  by  the  factor  of 
safety  for  shell  plates.  Divide  the  product  by  the  product  of  4,25 
and  the  tensile  strength  of  the  plate,  in  gross  tons,  and  the  thick- 
ness of  the  plate,  in  inches.  To  the  quotient  add  the  diameter  of 
the  rivet,  in  incites. 


Or,  for  single  shear, 


23cP.7854nF,   . 
p  = \-a 

4.25  5ir 

and  for  double  shear, 

23  d»  .7854  n  1.75  F,   . 
p  = \-(i 

4.25  5ir 

Example. — Under  Canadian  rules,  what  is  the  greatest  pitch  of  rivets 
in  a  double-butt-strap  joint,  double  chain  riveted  with  1-inch  rivets,  if  the 
plate  is  f  inch  thick  and  has  a  tensile  strength  of  28  gross  tons?  Plate 
and  rivets  are  steel. 

Solution. — By  Art.  33,  n=2.    On  application  of  the  rule  for  double 

shear, 

23XPX.7854X2X1.75X5.3  .,,,,. 

P = TiZT"^  ^ h  1  =  4.75  m.,  nearly.    Ans. 

4.25X28XJ 

39.  To  prevent  the  choice  of  a  pitch  of  rivets  so  large 
as  to  be  badly  out  of  proportion  to  the  thickness  of  the 
plate,  the  Canadian  rules  fix  a  maximum  pitch  that  must 
never  be  exceeded;  in  no  case  can  a  pitch  greater  than  10  inches 
be  used. 

Rule. — To  find  the  maximum  pitch  of  rivets,  multiply  the 
constant  taken  from  Table  II  by  the  thickness  of  the  plate,  in 
inches,  and  add  If  inches. 

Or,  p  =  CT+l\ 

in  which  C  =  constant  taken  from  Table  II. 
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coNSTAinn  roB 


TABLE  n 


Ntimber  of  Rivets 
in  One  Pitch 

Constants  for 
Lap  Joints 

Constants  for  Doutde- 
Btttt-Stn^)  JomU 

I 

I-3I 

1-75 

2 

2.62 

350 

3 

3-47 

463 

4 

4.14 

5-5» 

5 

6.00 

It  will  be  plain  that  the  pitch  of  rivets  should  be  calculated 
by  the  proper  one  of  the  preceding  rules  and  then  checked 
by  applying  the  rule  given  in  this  article. 

Example. — ^Refer  to  the  example  In  Art.  38,  and  find  whether  the 
pitch  there  calculated  will  be  passed. 

Solution.— -By  Table  II,  the  constant  is  3.5.  On  application  of  the 
rulcp 

*-3.6x}+lf-4.26in. 

This  shows  that  the  pitch  previously  calculated  is  too  lai^ge  to  pass 
inspection.    Ans. 

40.  Rules  for  Diameter  of  Illvet. — ^Thc  American  rules 
present  no  specific  formulas  for  the  rivet  diameter,  nor  do  they 
prescribe  any  minimimi  diameter  in  respect  to  the  plate  thick- 
ness. 

The  Canadian  rules  state  that  the  rivet  diameter  must  never 
be  less  than  the  plate  thickness. 

41.  Rules  for  Distance  From  Center  of  Rivet  to  Edgo 
of  Plate. — ^Thc  American  and  Canadian  rules  state  that  the 
distance  from  the  center  of  the  rivet  to  the  edge  of  the  plate 
must  never  be  less  than  1§  times  the  rivet  diameter. 

42*    Rules  for  Distance  Between  Rows  of  Rivets. 

The  American  and  Canadian  rules  specify  that  the  distance 
between  the  rows  of  rivets  in  all  ordinary  chain-riveted  joints 
(the  American  rules  only  cover  double-chain-rivcted  lap  joints) 
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shall  not  be  less  than  twice  the  rivet  diameter,  and  should 
preferably  be  twice  the  rivet  diameter  plus  J  inch. 

43.  For  double-zigzag-riveted  joints,  the  American  and 
Canadian  rules  specify  that  the  distance  between  the  rows  of 
rivets  must  be  that  given  by  applying  the  rule  in  this  article. 

Rule. — Multiply  the  sum  of  11  times  the  pitch  and  4  times 
the  rivet  diameter  by  the  sum  of  the  pitch,  and  4  times  the  rivet 
diameter.  Extract  the  square  root  of  the  quotient  and  divide  the 
root  by  10. 

Or  ^,,V(llp+4c/)(p-Hd) 

10   . 

Example. — With  rivets  having  a  diameter  of  }  inch  and  a  pitch  of 
2^  inches,  what  should  be  the  distance  between  the  rows  of  rivets,  the 
joint  being  double  zigzag  riveted? 

Solution. — On  application  of  the  rule. 


V(llX2H4xf)X(2H4xf)     ._.         . 

K= =  1.295  in.     Ans. 

10 

44.  The  Canadian  rules  provide  that  for  chain-riveted 
joints  having  each  alternate  rivet  omitted  in  the  outer  row,  or 
in  the  inner  and  the  outer  rows,  the  distance  between  the  rows 
of  rivets  having  the  larger  and  those  having  the  smaller  num- 
ber of  rivets  should  be  calculated. by  the  rule  given  in  the  pre- 
vious article.  If  the  calculated  value  is  less  than  twice  the 
rivet  diameter,  the  distance  between  the  rows  of  rivets  must 
be  made  at  least  twice  the  rivet  diameter,  and  preferably 
\  inch  more.  It  is  to  be  observed  that  the  greatest  pitch  is 
to  be  used  in  applying  the  rule  referred  to. 

45.  For  a  triple-chain-riveted  butt  joint  in  which  every 
alternate  rivet  is  omitted  in  the  outer  row,  the  distance  between 
the  inner  and  the  middle  row  of  rivets,  according  to  the 
Canadian  rules,  must  not  be  less  than  twice  the  rivet  diameter, 
and  preferably  should  be  \  inch  more. 

46.  For  a  triple-zigzag-riveted  butt  joint  in  which  every 
alternate  rivet  is  omitted  in  the  outer  row,  the  distance  between 
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fhe  inner  and  the  middle  row  of  rivets,  under  Canadian  rukSi 
is  found  as  fottows: 

Bjae.— Multiply  the  sum  rf  11  Umes  ike  pitch  and  8  times  the 
rivet  diameter  by  the  sum  of  the  pitch  and  8  times  the  rinet  diam^ 
eter.  Extract  ike  square  root  of  the  product  and  divide  the  root 
by  to. 

..     i{np+Sd)(p+Sd) 


Or, 


20 


ExAiiFLB. — ^What  should  be  the  distance  between  the  inner  and  mid- 
dle row  of  rivets  in  a  triple-zigzag-riveted  butt  joint  in  which  eveiy  alter- 
nate rivet  is  omitted  in  the  outer  row,  if  the  rivets  are  1§  inches  in  dianvrtrr 
and  have  a  pitch  of  9  inches  in  the  outer  row? 

Solution. — On  application  of  the  rulcp 

Ki- — ""2.414  m.    Ans. 

47*  In  a  double  zigzag-riveted  butt  joint  with  every  alter- 
nate rivet  omitted  in  the  outer  row,,  and  in  a  triple-zigzag- 
riveted  lap  joint  and  butt  joint  with  every  alternate  rivet 
omitted  in  the  inner  and  the  outer  rows,  the  distance  between 
the  rows  of  rivets,  according  to  the  Canadian  rules,  is  to  be 
found  by  the  rule  given  in  this  article.  The  same  rule  is  also 
used  for  finding  the  distance  between  the  middle  and  the  outer 
rows  of  rivets  in  a  triple-zigzag-riveted  butt  joint  where  every 
alternate  rivet  in  the  outer  row  has  been  omitted. 

Rule — Multiply  the  sum  of  ii  titnes  the  greatest  pitch  and 
the  rivet  diameter  by  the  sum  of  ^  times  the  greatest  pitch  and  the 
rivet  diameter.    Extract  the  square  root  of  the  product. 

Or,  F  =  V(H  P+d)  UV  P+d) 

Example. — In  a  triple-riveted  lap  joint  having  every  alternate  rivet 
omitted  in  the  inner  and  outer  rows,  the  greatest  pitch  of  the  rivets  Ls 
8  inches  and  their  diameter  l}  inches;  what  should  be  the  distance  between 
the  rows  of  rivets? 

Solution. — Application  of  the  rule  gives 

K=V(Hx84-lJ)X(?^X8-fli)=3.05in.     Ans. 

48.  Rules  for  Diagonal  Pltcli. — ^For  finding  the  diagonal 
pitch  of  the  rivets  for  double-zigzag-riveted  lap  joints,  the 
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American  rules  specify  the  rule  given  in  this  article.  The 
Canadian  rules  specify  the  same  rule  for  the  form  of  joint  just 
mentioned,  and  also  for  triple-zigzag-riveted  and  quadruple- 
zigzag-riveted  Jap  joints,  and  for  double-zigzag-riveted  and 
triple-zigzag-riveted  butt  joints.  It  should  be  tmderstood  that, 
in  any  case,  the  rule  does  not  apply  to  joints  in  which  alter- 
nate rivets  are  omitted  in  any  row.    The  following  is  the  rule: 

Rule. — To  6  times  the  pitch  add  4  times  the  rivet  diameter. 
Divide  the  sum  by  10. 

6p+4d 

10 

Example. — In  a  double-zigzag-riveted  lap  joint  the  rivets  are  J  inch 
in  diameter  and  have  a  pitch  of  2§  inches;  what  should  the  diagonal 
pitch  be? 

Solution. — Applying  the  rule, 

6X2H4Xf-      ..         . 
Pd  = — =  1 .8  in.     Ans. 

49.  For  triple-zigzag-riveted  lap  joints  having  every  alter- 
nate rivet  omitted  in  the  outer  rows,  and  butt  joints  having 
alternate  rivets  omitted  in  the  inner  and  outer  rows,  and  for 
a  double-zigzag-riveted  butt  joint  having  every  alternate  rivet 
omitted  in  the  outer  row,  the  Canadian  rules  give  the  rule 
presented  in  this  article  for  finding  the  diagonal  pitch.  The 
same  rule  is  also  applied  to  finding  the  diagonal  pitch  between 
the  middle  and  outer  rows  of  rivets  in  a  triple-zigzag-riveted 
butt  joint  having  every  alternate  rivet  omitted  in  the  outer  row. 

Rule. — To  -,\-  times  tlie  greatest  pitch  add  the  diameter  oj  the 
rivet. 
Or,  Pd  =  ^p+d 

Example. — In  a  triple-zigzag-riveted  butt  joint  in  which  every  alter- 
nate rivet  has  been  omitted  in  the  outer  row,  the  rivets  are  ij  inches  in 
diameter  and  the  pitch  in  the  outer  row  is  7j  inches.  Find  the  diagonal 
pitch  between  the  middle  and  outer  rows  of  rivets. 

Solution. — Application  of  the  rule  gives 

Pd  =  Ax7i-fli  =  3.5  in.     Ans. 

50.  The  Canadian  rules  specify  that  the  diagonal  pitch 
between  the  inner  and  middle  row  of  rivets  in  a  triple-zigzag- 


I 


«^. 
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riveted  butt  joint  having  every  alternate  rivet  omitted  in  Urn 

outer  row,  Aim  be  found  as  foUows: 

« 

*   Rule. — To  S  Umes  Uie  greatest  pitch  (uid  4  ^^9i€s  Ae  m0  diam^ 
tter  and  divide  ike  sum  by  10. 

Or.  p^-.XX_ 

BzAMFLB. — Use  the  values  |;iven  in  the  enm^  in  Art  4O9  and  find 
niiat  !^ioi]ld  be  the  dkgOEial  pitch  between  the  inner  and  nuddteioir  gI 
fivets. 

Solution. —    ^«7|  in.;  tf«li  in.    Application  of  the  rule  gtves 

Prf- in ^-2.76  01.    Ans. 


1 .  Under  American  rules,  ^nhat  should  be  the  pitdi  o£  iron  rivets  1  bkdk 
kk  diameter  in  a  doubie-aigvag-riveted  lap  joint*  if  the  iron  plate  is  ^  iadt 
thidc?  Ana.aaS6in. 

2.  Under  American  ruks,  what  should  be  tiie  pitch  of  tiie  itvete  la 
a  double-duun-riveted  lap  joint,  sted  plate  and  sted  rivets,  if  the  rivets 
are  1  inch  in  diameter  and  the  plate  is  f  inch  thick?  Ans.  3.0M  in. 

3.  Under  American  rules,  what  is  the  maximum  pitch  pennissible  in 
the  joint  in  example  2?  Ans.  3.26  in. 

4.  Under  Canadian  rules,  what  is  the  pitch  of  the  rivets  in  a  triple- 
riveted  lap  joint,  iron  plate  and  iron  rivets,  the  plate  being  f  incii  thidc 
and  the  rivets  1  inch  in  diameter?  Ans.  4.14  in. 

5.  Under  Canadian  rules,  what  is  the  maximum  pitch  permissible  in 
the  joint  in  example  4?  Ans.  4.227  in. 

6.  If  the  rivets  are  if  inches  in  diameter,  how  far  must  their  centers 
be  from  the  edge  of  the  plate?  Ans.  2i\r  in. 

7.  What  should  be  the  distance  between  the  rows  of  rivets  in  a  double- 
zigzag-riveted  lap  joint  if  the  rivets  are  1  inch  in  diameter  and  the  pitch 
is  3  inches?  Ans.  1.609  in. 

8.  In  a  triple-zigzag-riveted  butt  joint  having  every  alternate  rivet 
omitted  in  the  outer  row,  what  should  be  the  distance  between  the  middle 
and  inner  row  of  rivets,  if  the  rivets  are  1  inch  in  diameter  and  have  a  pitch 
of  6  inches  in  the  outer  row?  Ans.  1.609  in. 

9.  What  should  be  the  distance  between  the  middle  and  outer  rows 
of  rivets  in  the  joint  in  example  8?  Ans.  2.364  in. 
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10.  What  should  be  the  diagonal  pitch  in  an  ordinary  double-zigzag- 
riveted  lap  joint  if  the  rivets  are  1  inch  in  diameter  and  the  pitch  is  3  inches? 

Ans.  2.2  in. 

11.  In  a  double-zigzag-riveted  butt  joint  every  alternate  rivet  is 
omitted  in  the  outer  row;  the  pitch  in  the  outer  row  being  5  inches  and  the 
rivets  a  inch  in  diameter,  what  should  the  diagonal  pitch  be? 

Ans.  2tV  in. 

12.  Find  the  diagonal  pitch  between  the  inner  and  middle  row  of  rivets 
in  a  triple-zigzag-riveted  butt  joint  having  every  alternate  rivet  omitted  in 
the  outer  row,  the  rivets  being  if  inches  in  diameter  and  8  inches  pitch 
in  the  outer  row.  Ans.  2.95  in. 

EFFICIENCY    OF    RIVETED    JOINTS 

51«  The  ratio  between  the  strength  of  the  plate  and  the 
strength  of  the  joint  is  called  the  efficiency  of  the  Joint,  and 
is  expressed  as  a  percentage  of  the  strength  of  the  solid  plate. 

In  order  to  determine  the  efficiency  of  the  joint,  its  resistance 
must  be  computed  for  each  of  the  different  ways  in  which  it  may 
fail ;  the  lowest  efficiency  found  will  be  the  efficiency  of  the  joint. 

A  riveted  joint  may  fail  in  several  ways:  (1)  The  plate 
may  break  along  the  rivet  holes.  (2)  The  rivets  may  shear 
off.  (3)  The  plate  may  shear  out  in  front  of  the  rivet.  (4)  The 
plate  may  crush  in  front  of  the  rivet.  (5)  In  zigzag-riveted 
joints,  the  plkte  may  break  diagonally  between  the  rivet  holes. 
With  joints  having  the  proportions  given  by  the  Canadian  and 
American  rules,  the  liability  of  a  joint  failing  ill  the  way 
described  tmder  (3),  (4),  and  (5)  is  extremely  remote. 

52.  The  American  rules  do  not  contain  any  formulas  for 
finding  the  efficiency  of  a  joint;  the  Canadian  rules  present 
the  formulas  here  given.     In  these  formulas, 

p  =  greatest  pitch  of  rivets,  in  inches; 

d  =  diameter  of  rivet,  in  inches; 

r= thickness  of  plate,  in  inches; 
Si  =  tensile  strength  of  steel  plate,  in  gross  tons  (2,240  pounds) ; 

n  =  n\miber  of  rivets  in  one  pitch; 

r  =  percentage  of  plate  left  between  holes  in  greatest  pitch; 

R  =  percentage  of  value  of  rivet  section ; 

Ri  =  percentage  of  combined  plate  and  rivet  section. 

169B— 28 
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^B  58*    Fcv  ^lure  ol  the  joint  by  breekmg  c£  the  plate,  for 

^M  iroa  plate  and  iron  rivets  or  steel  [date  and  steel  rivets,  the 

^B  Canadian  rules  state  that  the  effidmcy  is  to  be  calculated  as 

^M  foltowB,  calling  it  the  psreentace  of  ^ftte  left  betweea 

^M  holes  In  greatest  pitch  i 

H  Bole.— JlfttWjif}'  100  by  &4  difference  between  the  greatest 

^1  fni^  and  ike  rivet  diameter,  m  imckes.    Divide  the  produt 

^M  the  ffeatest  pitdt,  in  indus. 

■  or.  •         r-""^-^ 

^P  BxAKHX.— Wbftt  is  the  cfficiaocy  of  a  doablfr-iiv«ted  lap  joint,  plate 

^V  nnd  rivMs  bong  steel,  calculated  for  failure  by  brealdng  of  t  he  plute,  when 

tfte  pitdi  of  the  liveta  ia  8  Jnchei  and  their  diameter  ia  1  Ji 
SoLnnnr.— Application  of  the  rale  girca 

100X{3-1)    „„  ^      . 

'" K -flOJn  par  coat    Ana. 

54.  For  failure  of  the  joint  by  shearing  c£  the  rivms,  te 
iron  plates  and  iron  rivets,  the  Canadian  rules  state  that  the 
^dency  is  to  be  calculated  as  fdlows,  calling  the  rfRcJency 
the  percentage  at  value  of  rivet  aectlcm : 

Rule. — Multiply  100  by  the  square  of  the  rivet  diameter,  by 
.7854,  by  the  number  oj  rivets  in  one  pitch,  and  by  1.75  if  the 
rivets  are  in  double  shear.  Divide  the  product  by  the  product  of 
the  greatest  pitch  and  plate  Sickness,  in  inches. 

Or,  for  single  shear, 

P     100<i'.7854« 


and  for  double  shear. 


PT 


100  d*  7854  H  1.75 


pT 


The  rule  just  given  assumes  that  the  shearing  strength  and 
tensile  strength  of  wrought  iron  are  equal.  This  assumption 
is  not  strictly  correct,  however,  as  the  shearing  strength  of 
wrought  iron  is  in  reality  somewhat  less  than  its  tensile  strength. 
The  rule  must  be  used,  however,  by  candidates  for  Canadian 
marine  engineer's  license,  and  also  by  the  Canadian  inspectors. 
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Example. — In  a  double-riveted  lap  joint,  made  from  iron  plate  and  iron 
rivets,  the  plate  being  f  inch  thick,  the  rivets  1^  inches  in  diameter,  and 
the  pitch  3.426  inches,  what  is  the  eflficiency,  calculated  for  failure  by  shear- 
ing of  the  rivets? 

Solution. —  n=2.  Apply  the  rule,  remembering  that  the  rivets 
are  in  single  shear.     Then, 

/c= — 3 =69  per  cent.,  nearly.    Ans. 

55.  The  Canadian  rules  prescribe  the  rule  given  in  this 
article  for  finding  the  percentage  of  value  of  the  rivet  section 
when  steel  plates  and  steel  rivets  are  used. 

Kulo. — Multiply  100  by  23,  by  the  square  of  the  rivet  diam- 
eter, by  .7854 f  by  the  number  of  rivets  in  one  pitch,  by  1.75  if  the 
rivets  are  in  double  shear,  and  by  the  factor  of  safety  demanded 
by  the  construction  of  the  joint.  Divide  the  product  by  the  product 
of  4.25  and  the  tensile  strength  of  the  plate,  in  gross  tons,  and  the 
greatest  pitch,  in  inches,  and  the  plate  thickness,  in  inches. 

Or,  for  single  shear, 

^_  100X23  d»  .7854  nF 

4.25  5ipr 
and  for  double  shear, 

100X23  d«  .7854  n  1.75  F 


i?  = 


4.25  5ipr 


Example. — In  a  triple-riveted,  double-butt-strap  joint  having  alter- 
nate rivets  omitted  in  the  outer  row,  the  rivets  are  1 J  inches  in  diameter 
and  pitched  7§  inches  in  the  outer  row  and  3}  inches  in  the  middle  and 
inner  rows.  The  plate  is  1  inch  thick  and  has  a  tensile  strength  of  30  gross 
tons  per  square  inch  of  section.  The  factor  of  safety  being  5,  what  is  the 
percentage  of  vahie  of  the  rivet  section,  the  plates  and  rivets  being  steel? 

Solution. — In  this  case,  «=5.  Apply  the  rule,  remembering  that  the 
rivets  are  in  double  shear.    Then, 

„     100X23XCli)»X.7854X5Xl.75X6     ,^  -^^  ^      ^ 

A = — — — — — -5 — : — 104.59  per  cent.    Ans. 

4.25X30X7^X1 

In  case  iron  rivets  are  used  with  steel  plate,  the  Canadian 
rules  state  that  the  percentage  of  value  of  the  rivet  section 
calculated  by  the  rule  in  this  article  shall  be  divided  by  ^. 

56.  Riveted  joints  in  which  every  alternate  rivet  has  been 
omitted  in  the  outer  row,  or  in  the  inner  and  outer  rows,  may 
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fail  by  breaking  of  the  plate  in  the  row  or  rows  having  the 
greatest  number  of  rivets  and  by  the  shearing  of  the  rivets; 
For  this  manner  of  failure,  the  Canadian  rules  state  that  the 
efficiency  is  to  be  calculated  as  follows,  calling  it  the  percent* 
age  of  comlilned  plate  and  rivet  section : 

Rule. — Multiply  100  by  the  difference  between  the  greatest 
pilch  and  twice  tiie  rivet  diameter.  Divide  the  product  by  tha 
greatest  pitch.  To  the  quotient  add  the  quotient  obtained  by 
dividing  the  efficiency  oj  the  joint  calculated  for  failure  by  shearitif 
of  the  rivets,  by  the  number  of  rivets  in  one  pilch. 

Or,  R,  =  mitzl'^l+^ 

P  « 

EXAUPLE. — In  a  trijilc-Ki8i'-iE-fi>'''''''<l  joint  huving  double  butt 
every  alternate  rivet  is  omitted  in  the  (luter  row.  The  rivets  are  1 J  iticha 
in  diameter  and  pitched  7}  inches  in  the  outer  row.  Plate  and  rivets 
are  steel,  the  plate  being  1  inch  thick  and  having  a  tensile  strength  of 
28  gross  tons.  The  factor  of  safety  is  5.  Calculate  the  percentage  of 
combined  plate  and  rivet  section.  I 

SoLL'TiON, — The  percentage  of  value  of  the  rivet  section  has  to  be  cal-  1 
culat«d  first.    For  the  case  given,  the  rule  in  Art.  OS  applies.    la  this 
case  n—S,  and  the  rivets  are  in  double  shear.    Then, 

„    100X23X<li)'X.7864X5XI.75X6    „„^ 

* " ;„!~~. — Zi — : =  1 12.07  per  cent. 

4.25X28X7JX1 

Application  of  the  rule  in  this  article  gives 

„     100X(7^)-2Xli)  ,  105.84    „,  ,_  ^      . 

/ii  = ^T- — — H —  "91.17  per  cent.    Ans. 

57.    The  application  of  the  rules  will  now  be  shown: 

Example  1. — Calculate  the  efficiency  of  a  double-chain-rivet«d  butt 

joint  with  single  butt  strap,  plate  and  rivets  wrought  iron;  the  plate  is 

W  inch  thick,  the  rivets  are  1  inch  diameter,  and  the  pitch  is  3}  indies. 

Solution. — For  the  joint  given,  n— 2.    The  rivets  are  in  single  shear. 

By  application  of  the  rule  in  Art.  53, 

100x(3i-l) 
r— I =  69.23  per  cent 

By  application  of  the  rule  in  Art.  54, 

100  Xl-X. 7854X2 

it  =  — -T — TT =  70.3  per  cent. 

3tXt« 
Then,  efficiency  of  joint  is  69.23  per  cent.    Ans. 


§  18  MARINE-BOILER  INSPECTION  37 

Example  2. — Calculate  the  efficiency  of  a  single-riveted  lap  joint. 
Plate  and  rivets  are  of  steel;  the  plate  is  -fg  inch  thick  and  has  a  tensile 
strength  of  28  gross  tons.  The  rivets  are  1  inch  in  diameter  and  have 
a  pitch  of  2^  inches.    Use  Canadian  rules  and  a  factor  of  safety  of  5.5. 

Solution. — For  this  case,  ii«l;  the  rivets  are  in  single  shear.  By 
application  of  the  rule  in  Art.  53, 

fs -^ s52.94  per  cent. 

2t 

By  application  of  the  rule  in  Art.  55, 

„     100X23X1*X.7854X1X5.5    ^^^^ 

R--^ — t:zz — :::; — Ti — o =69.84  per  cent. 

4.25X28X2ixA 

Efficiency  of  joint  is  52.94  per  cent.    Ans. 

Example  3. — Calculate  the  efficiency  of  a  triple-riveted,  double-butt- 
strap  joint  in  which  every  alternate  rivet  has  been  omitted  in  the  outer 
row.  Plate  and  rivets  are  steel.  The  plate  is  1  inch  thick  and  has  a  tensile 
strength  of  30  gross  tons.  The  rivets  are  ij  inches  in  diameter  and  are 
pitched  7f  inches  in  the  outer  row  and  3j  inches  in  the  inner  row.  The 
factor  of  safety  is  5.'    Use  Canadian  rules. 

Solution. — For  this  case,  n  —  5;  the  rivets  are  in  double  shear.  By 
application  of  the  rule  in  Art.  53, 

100X(7}-li)     „„„^ 
r= 4- — =^=83.87  per  cent. 

By  application  of  the  rule  in  Art.  55, 

„     100X23X(lJPX.7854X5Xl.75X5     _,  ^^ 

-^  = .  ^l     ».r";,a'~~: =  124.97  per  cent. 

4.25X30X7ixi 

By  application  of  the  rule  in  Art.  56, 

^      100X(7f-2Xli)     124.97    ^„^^ 

Ri  = 1 1 ^  H — = 92.73  per  cent. 

Efficiency  of  joint  is  83.87  per  cent.    Ans. 


EXAMPLES    FOR    PRACTICE 

1.  What  is  the  percentage  of  plate  left  between  the  rivets  in  the  greatest 
pitch  in  a  double-riveted,  double-butt-strap  joint  having  rivets  }  inch 
in  diameter  and  2.8  inches  pitch?  Ans.  73.21  per  cent. 

2.  What  is  the  percentage  of  value  of  the  rivet  section  of  the  joint  in 
example  1,  plate  and  rivets  being  iron  and  the  plate  being  -^  inch  thick? 

Ans.  98.17  per  cent. 

3.  Given,  a  triple-zigzag-riveted  lap  joint,  steel  plate  and  steel  rivets. 
The  plate  is  §  inch  thick,  and  has  a  tensile  strength  of  28  gross  tons.    The 
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rivets  arc  -^  inch  in  diameter  and  their  pitch  is  3.3  inches.  The  £actor 
of  safety  being  5,  find  the  percentage  of  value  of  the  rivet  section  under 
Canadian  rules.  Ans.  91.1  per  oent. 

4.  In  a  triple-chain-riveted,  double-butt-strap  joint,  alternate  rivets 
are  omitted  in  the  inner  and  outer  rows.  The  rivets  are  1 J  inches  in  diam- 
eter and  pitched  7}  inches  in'the  inner  and  outer  rows.  Plate  and  rivets 
are  steel,  the  plate  being  }  inch  thick  and  having  a  tensile  strength  of 
27  gross  tons.  The  factor  of  safety  being  5.2,  calculate  the  percentage 
of  the  combined  plate  and  rivet  section  under  Canadian  rules. 

Ans.  98.81  per  cent. 
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(PART  2) 


AMERICAN  AND  CANADIAN  RULES 


OPENINGS  IN  BOILERS 


MANHOLES 

1.  The  American  rules  state:  "All  boilers  btiilt  on  and 
after  August  1,  1914,  shall  have  a  manhole  opening  above  the 
flues  or  tubes  of  not  less  than  10  by  16  inches,  11  by  15  inches, 
or  of  an  equal  area,  in  the  clear,  and  shall  have  such  other  man- 
hole openings  in  other  parts  of  the  boiler  as  may  be  required 
by  local  inspectors  when  considering  blueprints  or  tracings 
submitted  to  them  for  approval,  of  sufficient  dimensions  to 
allow  easy  access  to  the  interior  of  the  boiler  for  the  purpose  of 
inspection  and  examination."  The  American  rules  also  state: 
**  Manhole  openings  in  front  head  of  externally  fired  boilers, 
under  the  flues,  as  required  by  section  4434,  Revised  Statutes  of 
the  United  States,  shall  be  of  dimensions  of  not  less  than  8  by 
12  inches  in  the  clear." 

The  Canadian  rules  do  not  specify  any  minimum  size  of  man- 
holes. The  American  rules  permit  the  use  of  cast  iron  for  man- 
hole plates  and  handhole  plates;  the  Canadian  rules  contain 
no  provision  as  to  what  material  may  or  may  not  be  used  for 
these  purposes. 

COPVRIOHTKO    BY   INTKRNATIOMAL   TKXTBOOK   COMPANY.      ALL  lll«HTS   WUBIIVBO 
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or   OPHVINCW 

*-1L  The  American  rules-  state:  "When  holes  exceeSog 
6  m^Ms  in  diameter  are.  cut  in  boileiB  for  pipe  oonnectioiis, 
mantx)le  and  handhcde  plates;  sudi  holes  shall  be  reinforced, 
either  on  the  inside  or  outside  of  boiler,  with  reinforctag  wrou^it- 
iron  or  steel  rings,  whidi  shall  be  securely  riveted  or  properly 
fastened  fi  the  boiler,  such  idofordng  material  to  be  rings  of 
suiHdent  width  and  thicknesB  <rf  material  to  fully  compeosate 
for  the  amount  of  material  cut  from  such  boilers,  in  flat  sur- 
faces; and  whece  such  opening  is  made  in  the  drcumfereirtial 
plates  of  such  boQers,  the  reinforctng  ring  shall  have  a  sectional 
area  equal  to  at  kast  one-baU  the  sectional  area  oi  the  open- 
ing parallel  with  the  longitudinal  seams  of  such  poriaon  of  the 
boiler.  On  boilers  canying  75  pounds  or  less  steam  preaaure 
a  cast-inm  stop-valve,  properiy  flanged,  may  be  used  as  a  rein- 
forcement to  such  opening.  When  holes  are  cut  in  any  flat 
surface  of  sucli  boilers  and  sud)  holes  are  flanged  inwardly  to 
a  depth  of  not  less  than  1}  indies,  measurit^  fran  the  outer 
surface,  the  rdnforcement  rings  may  be  dispensed  with. 

"No  connection  between  shell  of  boiler  and  mud-drum  shall 
exceed  9  inches  in  diameter,  and  the  flange  of  the  mud-drum  leg 
shall  consist  of  an  equal  amount  of  material  to  that  cut  out  of 
the  shell  of  boiler." 

3.  The  Canadian  rules  state:  "Manhole  openings  must 
be  stiffened  with  compensating  plates  or  rings  of  at  least  the 
same  effective  sectional  area  as  the  plate  cut  out,  and  in  no 
case  shall  such  plates  or  rings  be  of  less  thickness  than  the  plate 
to  which  they  are  attached,  nor  the  attachment  of  less  strength 
than  the  plate  or  ring.  All  openings  in  the  shells  of  boilers 
should  have  their  short  axis  placed  longitudinally,  and  if  not 
so  placed  must  have  compensating  plates  or  rings,  and  attach- 
ments equal  to  twice  the  effective  sectional  area  of  the  plate 
cut  out. 

"Where  cast-iron  frames  are  fastened  around  manholes  in 
steamboat  boilers,  a  compensating  ring  in  addition  must  be 
provided. 
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"Mud-holes  or  handholes  should  not  be  placed  in  boiler 
shells  of  a  greater  short  diameter  than  5  inches,  unless  pro- 
vided with  reinforcing  plates,  and  if  on  the  cylindrical  shell 
of  a  boiler,  their  short  diameter  should  be  in  a  Une  with  the 
axis  of  the  shell." 


FLAT  SURFACES  AND  STAYING 


STRENGTH    OF    FLAT    SURFACES 

4.  The  American  rules  provide  that  the  working  pressure 
on  flat  surfaces  supported  by  stays  shall  be  determined  by  the 
rule  given  in  this  article,  stating:  **A11  stayed  surfaces  formed 
to  a  curve  the  radius  of  which  is  over  21  inches,  excepting  sur- 
faces otherwise  provided  for,  shall  be  deemed  flat  surfaces." 
**No  such  flat  plates  or  surfaces  shall  be  unsupported  at  a 
greater  distance  than  18  inches." 

Rule. — Multiply  the  constant  corresponding  to  the  conditions 
by  the  square  of  the  plate  thickness,  in  sixteenths  of  an  inch,  and 
divide  the  product  by  the  square  of  the  greatest  pitch  of  the  stays, 
in  inches. 

Or,  P.  =  — 

in  which  Ptt,  =  working  pressing,  in  pounds  per  square  inch; 
r= thickness  of  plate,  in  sixteenths  of  an  inch; 
P= greatest  pitch  of  stays; 
C=112  for  ordinary  riveted  screw  stays  and  plates 

1^  inch  thick  or  under; 
C=120  for  ordinary  riveted  screw  stays  and  plates 

over  1^  inch  thick; 
C=  120  for  screw  stays  with  nuts,  and  plates  i^  inch 

thick  or  under; 
C=125  for  screw  stays  with  nuts,  and  plates  above 

1^  inch  and  under  A  inch  thick; 
C=  135  for  screw  stays  with  nuts,  and  plates  A  inch 

thick  or  over; 
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^V  C'^iyS  for  stays  with  double  nuts,  having  one  nut 

^^^  cm  tiu  Inade  ami  one  nut  on  the  outside  of 

^B  '  the  [date,  without  washers  or  doubHng  plates; 

^H  C'='160f(»'staysfittedwith  washers  or  doubling  strips 

^H^  whidi  luive  a  thickness  of  at  least  .5  of  the 

^^^^^^  thickness  of  the  plate  and  a  diameter  of  at  least 

^^^^^^^  .6  of  the  greatest  iiitch  of  the  stay's,  riveted  to 

^^^^^^B  the  outside  of  the  plates,  and  stays  having  one 

^^^^^^B  nut  ins^  of  the  |)]atc.  and  one  nut  outside 

^^^^^B  of  the  washer  or  doubling  plate.    For  T  take 

^^^^^B  72  per  cent,  of  the  eombincd  thickness  of  the 

^^^^^H  (date  and  washer  or  plate  and  doubling  strip. 

^^P  C='200  for  stays  £tted  with  doubling  plates  which 

^^k  have  a  thickness  equal  to  at  least  .5  the  thick- 

J^^^^^^  •   ness  of  the  J^te  reinforced,  and  covering  the 

^^^^^^H  full  area  toaced  (np  to  the  curvature  of  the 

^^^^^V  fiaas^  if  any),  riveted  to  either  the  inside  or 

^^^^^^^^^^  outside  (rf  Vae  plate,  and  stays  having  one  nut 

I^^^^^^^^^K  outside  and  one  inside  of  the  plates.     Washers 

or  doubling  plates  to  be  substantially  riveted. 
For  T  take  72  per  cent,  of  the  combined  thick- 
ness of  the  two  plates. 
C=200  for  stays  with  plates  stiffened  witli  tees  or 
angle  bars  having  a  thickness  of  at  least  two- 
thirds  the  thickness  of  plate  and  depth  of  webs 
at  least  one-fourth  of  the  greatest  pitch  of  the 
stays,  and  substantially  riveted  on  the  inside 
of  the  plates,  and  stays  having  one  nut  inside 
bearing  on  washers  fitted  to  the  edges  of  the 
webs  that  are  at  right  angles  to  the  plate. 
For  T  take  72  per  cent,  of  the  combined  thick- 
ness of  web  and  plate. 
For  the  cases  where  C=  160  and  200,  T  may  be  found  as  fol- 
lows :    Assiune  that  the  combined  thickness  is  li  inches.     Then, 
72  per  cent,  of  this  is  liX.72=.81  inch.     This  vahie  must  be 
expressed  in  sixteenths,  which  may  be  found  by  multiplying  the 
value,  expressed  decimally,  by  16.     Thus.  .81  inch  =  .81X16 
=  12.96  sixteenths  of  an  inch. 


1 

I 

I 


§  18  MARINE-BOILER  INSPECTION  43 

Example  1. — What  working  pressure  will  be  allowed  on  a  flat  plate 
i  inch  thick,  fitted  with  screw  stays  having  a  pitch  of  7  inches  one  way 
and  6^  inches  the  other  way? 

Solution. — Since  |=A,  r=6.  For  this  case,  C=112.  By  applica- 
tion of  the  rule, 

112X6* 
P«,  =  — — — =82.29  lb.  per  sq.  in.,  nearly.     Ans. 

Example  2. — A  plate  |  inch  thick  is  supported  by  screw  stays  having 
a  pitch  of  10  inches;  what  working  pressure  will  be  allowed  on  this  plate? 

Solution. — Since  f  =  i-|,  r=»  12.  For  this  case,  C=  120.  By  applica- 
tion of  the  rule, 

120X12* 
Pya  — ~  —  =  172.8  lb.  per  sq.  in.     Ans. 

Example  3. — What  working  pressure  will  be  allowed  on  a  plate  f}  inch 
thick  that  is  supported  by  stay  rods  14  inches  from  center  to  center,  the 
stayrods  being  fitted  with  one  nut  on  the  inside  and  one  nut  on  the  outside 
of  the  plate? 

Solution. —     r=13.    For  this  case,  C=135.     By  application  of  the 

rule, 

„      135X13*     ,,^,,^ 
Pu>  =  — TTi —  =  1 16.4  lb.  per  sq.  m.    Ans. 
14* 

Example  4. — A  plate  |  inch  thick  is  braced  by  stayrods  spaced  14  inches 
center  to  center  and  is  reinforced  by  washers  8  inches  in  diameter  and 
f  inch  thick,  properly  riveted;  the  stayrods  have  one  nut  inside  the  plate 
and  one  nut  outside  the  washer.  What  working  pressure  will  be  allowed 
on  the  plate? 

Solution. —  |+t  =  l  in.  72  per  cent,  of  this  is  IX. 72  =  .72  in. 
Reduced  to  sixteenths,  this  is  .72X16  =  11.52.  For  this  case,  C=160. 
By  application  of  the  rule, 

160X11.52* 
Pro  = =  108.3  lb.  per  sq.  m.     Ans. 

Example  5. — A  plate  f  inch  thick  is  reinforced  with  a  doubling  plate 
\  inch  thick  and  properly  riveted;  the  plate  is  braced  by  stayrods  spaced 
15  inches  center  to  center  and  each  is  supplied  with  a  nut  on  the  inside 
and  outside  of  the  plate.    Find  the  allowable  working  pressure. 

Solution. —  1+1=*  li-  .72  per  cent,  of  this  is  1 J  X  .72 = .9.  Reduc- 
ing this  to  sixteenths,  this  is  .9X16=14.4.  For  this  case,  C=200.  By 
application  of  the  rule, 

200X14.4* 

Pro  = =  184.32  lb.  per  sq.  in.     Ans. 

15* 
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S.  The  Canadian  rule  for  the  woridng  presBUie  aflowaMe 
on  flat  biirfaces  is  as  follows: 

Rale. — Multiply  the  constant  eontspomling  to  At  eiremm 
stances  by  the  square  of  the  sum  «/  Ou  phlt  tkickm$ss.  im 
sixteenths  of  an  inch,  and  1.  DiMde  tkt  product  by  Ott  differ- 
ence between  the  number  of  squar$  tHc/ws  tff  siujact  supporltd 
and  e. 


_C(r-H)' 
S-6 


in  which  B  =  working  pressure,  in  pounds  per  square  inch; 

r=  numerator  of  fraction  e^qncsaing  plate  t 
in  sixteenths  of  an  inch; 

5  =  surface  supported,  ia  square  inches; 

C=  160  when  the  plates  are  not  exposed  to  the  tnqiact 
of  heat  or  dame,  and  the  Btays  are  fitted  with 
nuts  on  both  sides  of  the  plates  and  douUing 
strips  not  less  in  width  than  two-thirds  the  pitdi 
of  the  sl^ys  and  of  the  thickness  of  the  plates, 
are  fitted; 

C"  150  when  the  plates  are  not  exposed  to  the  impact 
of  heat  or  flame,  and  the  stays  are  fitted  with 
nuts  on  both  sides  of  the  plates,  and  with  wash- 
ers not  less  in  diameter  than  two-thirds  the  pitch 
of  the  stays  and  of  the  same  thickness  as  the 
plates,  securely  riveted  to  the  plates; 

C=  100  when  the  plates  are  not  exposed  to  the  impact 
of  heat  or  fiame,  and  the  stays  are  fitted  with 
nuts,  and  washers  at  least  three  times  the 
diameter  of  the  stay,  and  two-thirds  the  thick- 
ness of  the  plates  they  oover; 

C=90  when  the  plates  are  not  exposed  to  the  impact 
of  heat  or  flame,  and  the  stays  are  fitted  with 
nuts; 

C=70  when  the  plates  are  not  exposed  to  the  impact 
of  heat  or  flame,  and  the  stays  are  screwed  into 
the  plates  and  riveted  over; 
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C=60  when  the  plates  are  exposed  to  the  impact  of 
heat  or  flame,  with  steam  in  contact  with  the 
plates,  and  the  sta^^  are  fitted  with  nuts  and 
washers,  the  latter  being  at  least  three  times  the 
diameter  of  the  stay,  and  two-thirds  the  thick- 
ness of  the  plates  they  cover; 
C=54  when  the  plates  are  exposed  to  the  impact  of 
heat  or  flame,  with  steam  in  contact  with  the 
plates,  and  the  stays  are  fitted  with  nuts  only; 
C=80  when  the  plates  are  exposed  to  the  impact  of 
heat  or  flame,  with  water  in  contact  with  the 
plates,  and  the  stays  are  screwed  into  the  plates 
and  fitted  with  nuts; 
C=60  when  the  plates  are  exposed  to  the  impact  of 
heat  or  flame,  with  water  in  contact  with  the 
plates,  and  the  stays  are  screwed  into  the  plates, 
and  have  the  ends  riveted  over  to  form  sub- 
stantial heads; 
C=36  when  the  plates  are  exposed  to  the  impact  of 
heat  or  flame,  with  steam  in  contact  with  the 
plates,  with  the  stays  screwed  into  the  plates, 
and  having  the  ends  riveted  over  to  form  sub- 
stantial heads. 
The  Canadian  rules  state:    **When   the  riveted  ends  of 
screwed  stays  are  much  worn,  or  when  the  nuts  are  burned, 
the  constants  should  be  reduced,  but  the  inspector  must  act 
according  to  the  circumstances  that  present  themselves  at  the 
time  of  the  inspection,  and  it  is  expected  that  in  cases  where 
the  riveted  ends  of  screwed  stays  in  the  combustion  boxes  and 
furnaces  are  found  in  this  state  it  will  be  often  necessary  to 
reduce  the  constant  60  to  about  36/' 

All  the  values  of  C  given  in  this  article  are  for  iron  boilers. 
For  steel  boilers  in  which  the  material  complies  with  the  specifi- 
cations, the  Canadian  rules  state :  **If  flanged  plates  and  plates 
exposed  to  flame  comply  with  the  foregoing  conditions,  the  con- 
stants in  the  Rules  for  iron  boilers  may  be  increased  as  follows: 
"The  constants  for  flat  surfaces  when  they  are  supported 
by  stays  screwed  into  the  plate  and  riveted,  10  per  cent. 
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'The  constants  fcxr  flat  surfaces  when  they  are  saiqported  fay' 
stays  scxewed  into  the  {date  and  nutted,  or  when  the  stays  afe 
nutted  in  fbe  steam  space,  35  per  cent.    This  is  also  iq)plicaUe 
to  the  conrtantaCor  flat  stvfiices  stiffened  by  rivete^  washere 
or  doubling  strips,  a^d  supported  by  nutted  slays/' 

SXAMILB  l.-^What  wQckiiig  praastire,  under  Catiadkn  rulee^  wilt  be 
aflofiedopacombtistiooHaiamberbMJcpla^ 

iron,  and  stayed  by  screwed  ^tagrbolts  having  a  phdi  o£  6|  inciieB  and 
fitted  with  nuts? 

SoLOTiON.—    f  -il,  or  r- 10. 

5-fl|xfl|«42J5aq.m. 

The  plate  being  in  contact  with  water  and  exposed  to  the  direct  impact 

.o£*the  flame,  and  the  screwed  stayboHs  having  nuts,  C"*804    Byiqn^'ica- 

two  of  the  rule, 

^    80xaO-H)>    ,^„  .        . 

J^'* — 7Z7Z — Z — •■267  lb.  per  sq.  m.    Ana. 
42125-6  *^ 

BxAiOLB  2. — ^What  woricing  prenare^  nn^r  Canadian  rules^  wilt  be 
aDowed  on  the  back  liead  of  a  siqi^e-ended  Sootdi  boiler  built  o£  wrom^t 
iroo,  the  bead  being  1  inch  thick,  and  the  8ta3rrod8  having  a-pitcb  of 
15  inches  and  being  fitted  with  nuts  on  eadi  side  of  the  plate,  but  no 
washers? 

Solution.—    1  =  if ,  or  r=  16. 

5  =  15X15  =  225  sq.  in. 

The  back  head  of  a  single-ended  Scotch  boiler  not  being  in  contact  with 
flame,  C=  120  for  this  case.     By  application  of  the  rule, 

120X(16-fl)* 

B  =  — zz 1 =  158.36  lb.  per  sq.  in.     Ans. 

225-6 

Example  3. — If  the  boiler  in  example  2  were  built  of  sted  having  passed 
inspection,  what  pressure  would  be  allowed  on  the  back  head? 

Solution. — In  this  case,  the  constant  120  may  be  increased  25  per  cent. 
Then, 

C=  120X1.25  =  150 

By  application  of  the  rule, 

„     150X(16-fl)»     ,^^^,  ,^ 

g  „ -:  197.95  lb.  per  sq.  m.     Ans. 

225-6 

6.  The  Canadian  rules  state  that  when  doubling  plates 
cover  the  whole  of  the  flat  surfaces,  and  have  a  thickness  of 
not  less  than  two-thirds  or  more  than  the  thickness  of  the  plate 
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covered,  and  are  substantially  riveted,  the  working  pressure 
on  such  reinforced  surfaces  is  to  be  found  as  follows: 

Rule. — Multiply  the  constant  I40  for  iron,  or  175  for  steel 
by  tiie  square  oj  the  sum  of  the  plate  thickness  and  one-half  the 
doubling-plate  thickness,  both  expressed  in  sixteenths  of  an  inch. 
Divide  the  product  by  the  number  of  square  incites  supported. 

uo(T+~y 

Or,  for  iron,  B  = — 

and  for  steel,  B  = 

in  which  t  is  the  numerator  of  the  fraction  expressing  the  thick- 
ness of  the  doubling  plate,  in  sixteenths  of  an  inch,  and  the  other 
letters  have  the  same  meaning  as  in  Art.  5. 

Example. — The  front  head  of  a  firebox  boiler  made  of  steel  is  f  inch 
thick  and  reinforced  by  a  doubling  plate  \  inch  thick  riveted  to  it;  the 
stay  rods  being  placed  15  inches  center  to  center,  what  working  pressure 
would  be  allowed  ? 

Solution.—    f  =  }-J,  or  r  =  10.    \  =  A,  or  /  =  8. 

5=15X15=225 
By  application  of  the  rule, 

175X(10-h|)^      ir;OAAtK  •  A 

B  = =  152.44  lb.  per  sq.  m.     Ans. 

225 

7.  The  Canadian  rules  give  the  following  rule  for  finding 
the  working  pressure  on  flat  steel  plates  that  are  in  no  way 
exposed  to  the  action  of  the  fire  or  hot  gases  and  are  supported 
by  stays  having  nuts,  and  washers  equal  in  diameter  to  at  least 
one-third  of  the  pitch  of  the  stays  and  a  thickness  of  one-half 
the  thickness  of  the  plate: 

Rule. — Multiply  48flOO  by  the  square  of  the  plate  thickness, 
in  inches,  and  divide  the  product  by  the  square  of  the  greatest 
pitch  of  the  stays,  in  inches. 

4aooop 
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in  which  T=thickness  of  plate,  in  inches; 

i-'=greatest  pitch  of  stays,  in  inches; 
Pu  =working  pressure,  in  pounds  per  square  iUGb. 

BxAMFLE. — A  Steel  plate  not  expa"**!  to  fire  or  hot  gam  la  1  faclt  tiod^ 
and  is  supported  by  stayrods  having  a  pitch  of  14  indm,  Umi  ataymda 
being  littMl  with  wushrrs  |  inch  thick  and  5  inches  b 
working  pressure  will  be  allowed? 

SfiLHTiON. — ^Applying  the  rule, 


8.  The  Canadian  rules  do  not  contain  any  rules  for  fining 
the  working  pressure  on  the  flat  surface  of  tube  plates  <d  iron 
boilers;  they  prescribe  rules  for  steel  tube  ]4ates,  however. 
The  working  pressure  on  the  part  of  the  tube-sheet  that  con- 
tains the  tubes  is  to  be  found  as  follows; 

Rule. — Multiply  iJfl  by  the  square  oj  the  plaU  Ikickiuss,  m 
sixteenths  of  an  inch,  and  divide  the  product  by  Ike  sjuan  ef  Oi€ 

mean  pitch  of  the  stay-tubes,  measured  from  center  to  center. 

_i4or* 
p* 


Or. 


P-=- 


in  which  Pw= working  pressure,  in  pounds  per  square  inch; 

7"= numerator  of   fraction   expressing   plate   thick- 
ness, in  sixteenths  of  an  inch; 
P=mean  pitch  of  stay-tubes. 

EXAUPLB. — In  a  steel  tube-sheet  J  inch  thick,  the  stay-tubes  are  spaced 
7  inches  center  to  center  horizontally  and  9j  inches  center  to  center  ver- 
tically; what  working  pressure  will  be  allowed  under  Canadian  rules? 

Solution.—     J  =  H.  or  T=  14. 

7-(-9i 


P-- 


^.8| 


By  application  of  the  rule. 


(8f)'"" 

9.     Under  Canadian  rules,  the  working  pressure  on  that 
part  of  a  steel  tube-sheet  that  lies  between  the  nests  of  tubes, 
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if  this  part  is  not  covered  by  a  doubling  plate,  is  to  be  found 
as  follows: 

Rule. — Multiply  the  constant  corresponding  to  the  conditions 
by  the  square  of  the  tube-plate  thickness,  in  sixteenths  of  an  inch, 
and  divide  the  product  by  the  square  of  the  center-Uxenter  distance, 
in  inches,  of  the  bounding  rows  of  tubes. 

Or,  P«  =  ^ 

in  which  P«,  =  working  presstire,  in  pounds  per  square  inch; 

7  =  numerator  of  fraction  expressing  thickness  of 
tube  plate,  in  sixteenths  of  an  inch; 

P  =  horizontal  distance  from  center  to  center  of  the 
boimding  row  of  tubes; 

C=120  where  the  stay-tubes  in  the  bounding  rows 
are  pitched  with  two  plain  tubes  between 
them  and  arc  not  fitted  with  nuts  outside  the 
plates; 

C=130  if  the  stay-tubes  are  fitted  with  nuts  out- 
side the  plates  and  there  are  two  plain  tubes 
between  the  stay-tubes  in  the  bounding  rows; 

C=  140  if  each  alternate  tube  in  the  bounding  rows 
is  a  stay-tube  and  not  fitted  with  nuts  outside 
the  plates; 

C=  150  if  each  alternate  tube  in  the  bounding  rows 
is  a  stay-tube  and  fitted  with  nuts  outside  the 
plates; 

C=  160  if  every  tube  in  the  bounding  rows  is  a  stay- 
tube  but  not  fitted  with  nuts  outside  the  plates; 

C=  170  if  every  tube  in  the  bounding  rows  is  a  stay- 
tube  and  each  alternate  stay-tube  is  fitted  with 
nuts  outside  the  plates. 

Example. — A  tube-sheet  is  f  inch  thick  and  made  of  sted.  In  the 
two  vertical  rows  of  tubes  bounding  two  nests,  each  third  tube  is  a  stay- 
tube,  the  stay-tubes  being  fitted  with  nuts  outside  the  tube-sheet.  The 
horizontal  center-to-center  distance  of  the  stay-tubes  in  the  bounding 
rows  being  13  inches,  what  working  pressure  will  be  allowed,  under 
Canadian  rules,  on  that  part  of  the  tube-sheet  situated  between  the  nests? 

169B— 29 
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SotntlOK.—  i-tt.  orr-U.  P«  this  case,  C=  130,  By  applica- 
tkm  of  the  rule, 

„     i30xia>  ..„^„. 

P«- — ~ — -110.771b,  pcrsq.  m.    Ans. 

10.  ■  When  the  part  trf  a  steel  Uibe-sheet  that  lies  between 
the  nests  of  tubes  is  reioforoed  h>-  a  doubling  plate  securely 
riveted  thereto  and  having  a  thickness  of  at  least  two-thirds 
of  the  tube^heet  thidmess,  the  Canadian  rules  specify  that 
the  wt^dng  pressure  aDowabte  on  this  part  shall  be  found  as 
follows: 

Bole. — MutUply  tka  ctmskmt  eorrcsponding  to  the  case  {givim 
tH  Art.  9)  by  the  squart  of  tht  st$m  oj  the  tube-sheet  thickness  and 
kalj  the  datMii^-flaU  thickmss,  in  ^ixleenihs  oJ  an  inch.  Divide 
■  the  product  by  l/w  square  of  the  horizontal  distance  Jrotn  center  la 
center  between  the  bottndii^  rows  iff  tubes. 


Or, 


pa 

in  which  t  is  the  numerator  of  the  fraction  expressing  the  thick- 
ness of  the  doubling  plate,  in  sixteenths  of  an  inch,  and  the 
other  letters  have  the  same  meaning  and  C  the  same  values  as 
in  Art.  9. 

Example. — A  steel  tube  plate  f  inch  in  thickness  is  reinforced  by  a 
doubting  plate  J  inch  thick;  the  tubes  in  the  bounding  rows  are  13  inches 
center  to  center  horizontally,  and  each  alternate  tube  is  a  stay-tube  fitted 
with  nuts  outside  the  plates.  What  working  pressure,  under  Canadian 
rules,  will  be  allowed  on  the  part  between  the  nesti  of  tubes? 

Solution.—  l  =  H.  or  r=10.  HA.  or  i-fi.  C.  by  Art.  ft, 
■=  150.     By  application  of  the  rule, 

11.  The  tube-sheet  that  forms  part  of  a  firebox  or  com- 
bustion chamber  is  subjected  to  a  crushing  stress.  The  magni- 
tude of  this  compressive  stress,  when  the  combustion  chamber 
is  not  suspended  from  the  shell  of  the  boiler,  under  American 
rules  is  limited  to  13,500  pounds  per  square  inch.  The  work- 
ing pressure  allowable  on  such  a  tube-sheet  is  found  as  follows: 
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Rule. — From  the  least  horizontal  distance  between  tube  centers, 
in  inches,  subtract  the  inside  diameter  of  the  tubes,  in  inches. 
Multiply  the  remainder  by  the  thickness  of  the  tube  plate,  in  inches, 
and  the  required  constant.  Divide  the  product  by  the  product  of 
the  extreme  width  {measured  in  the  direction  of  the  length  of  the 
boiler)  of  the  firebox  or  combustion  chamber  and  the  least  hori- 
zontal distance  between  tube  centers,  both  in  inches. 

WD 

in  which  B  =  working  pressure,  in  pounds  per  square  inch; 

Z}  =  least  horizontal  distance  between  tube  centers,  in 
inches ; 

d  =  inside  diameter  of  ordinary  tubes,  in  inches; 

r  =  tube-sheet  thickness,  in  inches; 

W= width  of  firebox  or  combustion  chamber,  in  inches, 
or  distance  between  tube-sheets  in  double- 
ended  boilers  in  case  the  combustion  chamber 
is  common  to  the  furnaces  at  both  ends; 

C= 27,000,  under  American  rules. 

The  same  rule  applies  under  Canadian  rules,  which  specify, 

however,  that  C=  18,000  for  iron  plates,  and  28,000  for  steel 

plates. 

Example. — What  working  pressure,  calculated  for  crushing  and  under 
American  rules,  will  be  allowed  on  a  back  tube-sheet  of  a  Scotch  boiler  if 
the  sheet  is  f  inch  thick,  the  tubes  are  2\  inches  in  inside  diameter  and 
spaced  3j  inches  center  to  center  horizontally,  and  the  combustion  chamber 
is  25  inches  wide? 

Solution. —     C= 27,000.     By  application  of  the  rule, 

„     (3|-2i)xfx27,000 

5= -^     —  -  =  289.28  lb.  per  sq.  m.     Ans. 

EXAMPLES    FOR*  PRACTICE 

1.  Under  American  rules,  what  pressure  will  be  allowed  on  the  inner 
side  plates  of  the  firebox  of  a  firebox  boiler  if  the  plates  are  J  inch  thick 
and  stayed  by  ordinary  riveted  screw  staybolts  having  a  pitch  of  6  inches? 

Ans.  213.3  lb.  per  sq.  in. 

2.  A  flat  steel  plate  f  inch  thick  and  not  exposed  to  the  fire  in  any  way 
is  supported  by  stayrods  having  a  pitch  of  13  inches;  the  stayrods  are  fitted 
with  nuts  and  washers,  the  washers  being  \  inch  thick  and  4^  inches  in 
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1  this  plate,  under 
69.76  lb.  per  sq.  in. 
A  double-ended  Scotch  boiler  has  a  single  combustion  chamber 
]  all  furnaces.  The  combustion-chamber  tube-sheets  contain 
three  nests  of  tubes  and  are  f  inch  thick,  and  made  of  steel.  The  slay- 
tubes  in  the  bounding  rows  of  tubes  are  pitched  9§  inches  vertically  and 
12  inches  horizontally,  and  are  fitted  with  nuts.  What  pressure  will  be 
allowed  on  the  tube-sheets  under  Canadian  rales?  There  are  two  plain 
tubes  between  each  two  stay'tubes.  Ana.   130  lb.  per  sq.  in. 

4.  A  3t««l  tube  plate  \  inch  thick  is  reinforced  by  a  doubling  plate 
j  inch  thick  riveted  to  the  port  between  the  nests  of  tubes.  In  the  bound- 
ing rows,  each  second  tube  is  a  stay-tube  fitted  with  nuts;  the  horiiontAl 
center-to-center  distance  of  the  stay-tubes  in  the  bounding  rows  is  1 1  inches. 
Under  Canadian  rules,  what  working  pressure  will  be  allowed  on  the 
reinforced  port  of  the  tube-sheet?  Ans.   160  lb.  per  sq.  in. 


HTRBNCITH    OF    STAYS 

12.  The  Jirea  supported  by  one  stay  is  found  by  multi- 
plying the  distance  from  center  to  center  of  stays  in  one  direc- 
tion by  the  distance  from  center  to  center  in  the  other  direction. 
The  center-to-ccnter  distance  is  krtown  as  the  piUh  of  the  stays. 
In  ¥i^.  1,  the  stays  being  spaced  equidistant  in  both  directions, 
the  area  supported  by  each  stay  is  aXa  =  a*-  If  the  pitch  is 
7  inches  and  6  inches,  respectively,  the  area  supported  by  each 
stay  will  be  7X6  =  42  square  inches.  If  extreme  accuracy  is 
required,  the  area  of  the  staybolt  should  be  subtracted  from  the 
area  found  by  multiplying  the  pitch  in  one  direction  by  the 
pitch  in  the  other  direction.  Thus,  in  the  example,  assuming 
the  area  of  the  staybolt  to  be  1  square  inch,  the  area  supported 
by  the  bolt  will  be  42  —  1  =  41  square  inches.  This  is  a  refine- 
ment of  calculation  rarely  used  in  practice,  but  it  is  the  mathe- 
matically correct  way  of  calculating  the  area.  Now,  the  area 
supported  by  each  stay,  in  square  inches,  multiplied  by  the 
gauge  pressure,  in  pounds,  constitutes  the  load  borne  by  eadi 
stay.  To  bear  the  load  safely,  the  stay  must  have  a  certain 
minimum  area,  which  depends  on  the  maximum  stress  allow- 
able per  square  inch  of  cross-section. 

By  "area  of  a  stay"  is  always  meant  the  smallest  cross- 
sectional  area  of  the  stay.     In  the  case  of  a  screw  stay,  the 
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k: 


smallest  cross-sectional  area  is  that  corresponding  to  the  diam- 
eter over  the  bottom  of  the  thread,  tmless  some  other  part  has 
a  smaller  diameter. 

13.  Under  American  rules,  the  maximum  stress  allowable 
on  stays  is  as  follows:  Tested  steel  stays  1  inch  and  upwards 
in  diameter,  9,000  pounds  per  square  inch,  when  such  stays 
have  neither  been  forged  nor  welded,  excepting  upsetting  of  the 
ends  and  subsequent  annealing;  tested  Huston  or  similar  type 
of  brace  havinjj  a  cross-sectional  area  exceeding  5  square  inches. 


Q 


•^ 


I 

« 


Q 


Fig.  1 

8,000  poimds  per  sqtiare  inch;  tested  Huston  or  similar  type  of 
brace  having  a  cross-sectional  area  of  not  less  than  1.227  and 
more  than  5  square  inches,  provided  the  braces  are  prepared 
at  one  heat  from  a  solid  piece  of  plate  without  welds,  7,000 
poimds  per  square  inch;  wrought-iron  stays  1  inch  and  upwards 
in  diameter,  7,500  pounds  per  square  inch;  welded  crowfoot 
stays  when  made  of  best  quality  refined  wrought  iron,  and 
all  stays  not  otherwise  provided  for,  when  made  of  the  best 
quality  of  refined  iron  or  steel  without  welds,  6,000  potmds 
per  square  inch. 
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The.  Ainericaii  rates  pfovide  that  staybotte  e&d  eteye, 
made  ol  the  best  ^loaUty  of  lefined  wroofl^ 
bat  if  niade  of  sted,  Wding  is  fortudden. 

14*  Tliie  Canadian  raks,  in  case  of  mm  boSkn;  spiuMf 
tile  maadmnm  stiess  on  stays  as  follows:  Solid  tioit.aaeir< 
stays,  nnwelded  or  wofked  in  the  fire»  7,000  pounds  permfmm 
indi;  solid  iron  screw  stays  iriuch  have  been  wdded  or  wxksd 
in  the  fire,  0,000  pounds  per  square  indi;  tested  solid  steel  8C0BW 
stays,  tmwdded,  9,000  pounds  per  square  inch;  tested  steel 
stayrods  exceeding  1|  indies  in  diameter,  10,000  pounds  per 
square  inch;  tested  sted  stay-tubes  having  a  net  thickness  of 
at  least  |  indi,  7»S00  pounds  per  square  inch. 

For  water-tube  boilers,  the  allowable  stress  on  solid  iron  screw 
stays,  not  welded,  when  supporting  flat  surfaces,  must  not  eauseed 
5,000  pounds  per  square  indi;  when  sudi  stays  have  been 
wdded  the  stress  must  not  exceed  4,000  pounds  per  square  inclL 
When  stays  are  used  under  conditions  similar  to  those  in  6p^ 
tube  boilers,  tibe  stress  may  be  6,000  pounds  per.  square  inch. 

15.  Sections  4405,  4426,  4441,  Revised  Statutes  ci  the 
United  States,  state  in  part  "and  no  person  shall  receive  license," 
"who  is  not  able  to  figure  and  determine  the  strain  brought  on 
the  braces  of  a  boiler  with  a  given  pressure. of  steam,  the  posi- 
tion and  distance  apart  of  braces  being  known,  such  knowledge 
to  be  determined  by  an  examination  in  writing."  The  Ucense 
referred  to  is  that  of  third  assistant  engineer  or  of  higher  grade. 
Candidates  for  American  marine  engineer's  license  are  there-- 
fore  advised  to  memorize  the  rules  in  this  article. 

Let  i4  =  area,  in  square  inches,  supported  by  a  screw  stay, 
staybolt,  or  stayrod; 
B  =  cross-sectional  area  of  stay,  in  square  inches; 
P= working  steam  pressure,  in  pounds  per  square  inch; 
L  =  load  on  stay,  in  pounds; 
S  =  stress  per  square  inch  of  cross-section  of  stay; 
Si  =  total  allowable  stress  in  a  stay; 
Af  =  lawful  stress  per  square  inch  of  cross-section  of  stay; 
i4i  =  total  area  to  be  supported,  in  square  inches; 
iV  =  number  of  stays. 


§  18  MARINE-BOILER  INSPECTION  55 

Rule  I. — To  find  the  load  on  a  stay,  multiply  the  area  sup- 
ported by  the  stay,  in  square  inches,  by  the  gauge  pressure  oj  the 
steam,  in  pounds  per  square  inch. 

Or,  L^AP  (1) 

Example  1. — Find  the  load  on  a  staybolt,  the  pitch  of  the  staybolts 
being  8  inches  either  way  and  the  steam  pressure  85  pounds. 

Solution. — By  application  of  the  rule, 

L=8»X85  =  5,4401b.    Ans. 

Rule  n. — To  find  the  stress  per  square  inch  of  cross-section 
in  a  stay,  divide  the  load  on  the  stay,  in  pounds,  by  the  area  oj 

the  stay,  in  square  inches. 

A  P 
Or,  S=^^  (2) 

B 

Example  2. — Staybolts  ij  inches  in  diameter  are  placed  8 J  inches 
from  center  to  center;  the  steam  pressure  being  100  pounds,  what  is  the 
stress  per  square  inch  in  the  stay? 

Solution.— The  area  of  the  staybolt  is  (li)«X.7854  =  1.2272  sq.  in. 
By  application  of  rule  II, 

(8i)»XlOO 
5  =  -  -  -^  -     =  5,887.39  lb.     Ans. 
1.2272 

Rule  III. — To  find  the  total  allowable  stress  in  a  stay,  mul- 
tiply the  area  of  the  stay,  in  square  inches,  by  the  lawful  stress 
per  square  inch. 

Or,  St=BM  (3) 

Example  3. — Under  Canadian  rules,  what  stress  can  be  allowed  on  a 
steel  stayrod  22  inches  in  diameter? 

Solution. — By  Art  14,  Af  =10,000.     By  application  of  the  rule, 
St  =  (2i )« X  .7854  X  10,000  =  49,087  lb.     Ans. 

Rule  IV. — To  find  the  working  steam  pressure  allowable  on 
a  stay,  in  pounds  per  square  inch,  multiply  the  area  of  the  stay, 
in  square  inches,  by  the  stress  corresponding  to  the  size  and  mate- 
rial of  the  stay,  in  pounds  per  square  inch.  Divide  this  product 
by  the  area  supported  by  the  stay,  in  square  inches. 

Or.  P=^f  (4) 

A 
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Example  4.— Steel  stayrods  2  inchni  in  dunteter  an  plaaei'V 
front  ccnler  U)  center:  what  working  ■team  pnanire  waukL  be  allowed 
for  these  stays,  under  American  rules?  '       . 

SoLiJTioN.— By  Art.  13,  Af =0,000.    By  Kp^ticaiioa  at  tbt  ni», 

— =144.aSlb.,  nearfjr.    Ans. 

Rule  V. — To  find  the  number  of  stayt  rwqumd,  Hiwftijpiy.tifcg 
area  oj  the  sheet  to  be  stayed,  in  square  indus,  by  dkr  st§am  pns~ 
tmv,  itt  pOMiiis  -per  sqt»ai-«  ii*Jt,  <Uld  dividt  by  Hu  total  A*S5 
dtowcAk  m  At  ghen  site  i^  slay,  in  poitnds. 

Or,  ^"T^  ^*^ 

BXftMHiB  S,-'— Under  CesAdieii  rules,  hov  bukehy  Iv-tn^  fi^tpfj  iftn 
■taqrbdte  are  ceqaiied  for  a  plate  40  iocbM  by  SO  todies  to  cany  SO  poonda 
per  equare  inch  woridsg  pieiBure?  The  staybolu  have  been  worked  in 
tbefin. 

ScLUnOH.— By  Art  14,  It^tjOOO.    Then,  by  rule  III, 
■St-<li)>X.7864X«,a00-8,9S4  lb.,  nearly 
Rule  V  being  q^ilied, 

„    40X80X00    „„„         „. 

— JToRr — ^-30.2,  say  31,  stays.    Ans. 

Rule  VI. — To  find  the  area  of  a  direct  stay,  in  square  inches, 
multiply  the  area  supported  by  the  stay,  in  square  inches,  by  the 
steam  pressure,  in  pounds  per  square  inch.  Divide  the  product 
by  the  lawftd  stress  per  square  inch  of  cross-section. 

Or,  B.^  (6) 

M 

Example  6. — Wrought-iron  screw  stays  are  pitched  7  inches  center  to 
center;  the  working  pressure  desired  being  180  pounds  per  Bquare  inch, 
what  should  the  area  of  each  stay  be,  if  the  stress  is  not  to  exceed  6,000 
pounds  per  square  inch? 

Solution. — By  application  of  rule  VI, 

TiXlSO 

B  = =  1.47  sq.  in.     Ans. 

6,000 

16.  While  the  load  on  all  direct  stays  is  equal  to  the  total 
pressure  on  the  area  supported  by  the  stay,  it  is  greater  for 
palm  stays. 
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Let  fc= length,  in  inches,  of  a  line  drawn  at  right  angles  to  the 
surface  supported  to  the  end  of  the  diagonal  stay; 
that  is,  the  distance,  in  inches,  from  the  boiler  head 
to  the  intersection  of  the  center  line  of  the  stay* 
with  the  shell,  in  the  usual  case  of  the  head  being 
at  right  angles  to  the  shell ; 
/  =  length  of  pahn  stay,  in  inches,  measured  between  the 
head  and  the  shell  along  the  center  line  of  the  stay: 
A  P= total  pressiu^,  in  pounds,  on  the  area  supported  by 
the  stay ; 
L  =  load  on  stay,  in  pounds. 

Rule  I. — To  find  the  load,  in  pounds,  on  a  pcdm  stay,  divide 
the  length  of  the  palm  stay,  in  inches,  by  the  distance  from  the 
head  to  the  intersection  of  the  center  line  of  the  palm  slay  with 
the  shell,  in  inches.  Multiply  the  quotient  by  the  total  pressure, 
in  pounds. 

Or,  L=^AP  (1) 

b 

Example  1. — The  palm  stay  of  a  boiler  is  78  inches  long;  the  distance 
from  the  head  to  the  point  of  intersection  of  the  center  line  of  the  stay 
with  the  shell  is  72  inches.  If  the  area  supported  by  the  stay  is  100  square 
inches  and  the  steam  pressure  80  pounds,  what  is  the  load  on  the  stay? 

Solution. — The  total  steam  pressure  is  100X80=8,000  lb.  Then, 
by  application  of  the  rule, 

78 
L  =  --  X  8,000  =  8,666.67  lb.    Ans. 

The  stress  per  square  inch  of  cross-section  is  found  for  a 
palm  stay  in  the  same  manner  as  for  any  other  stay,  that  is, 
by  rule  II,  Art.  15. 

Example  2. — What  is  the  stress  per  square  inch,  if  the  stay  in  the  pre- 
vious example  is  if  inches  in  diameter? 

Solution. — By  application  of  rule  II,  Art  15, 

8,666.67 
-^^/.s  .     >.o.7'"^»178.921b.     Ans. 
(lf)»X.7854 

The  load  for  a  given  supported  area  of  plate  and  steam  pres- 
sure being  greater  for  palm  stays  than  for  stayrods,  the  allow- 
able working  pressure  is  conversely  smaller. 


■4 ." . 
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Bule  n. — To  find  tkg  working  steam  pressure  oUamMe  on^a 
paim  stay,  mulHply  ike  resvU  obtained  by  ride  /V,  Art.  18^  by 
Uie  qnatient  obtained  by  dbnding  ike  distance  from  ike  kead  to 
fke  iniersecHon  of  tke  cenifir  line  of  Ute  stay  wUk  Uie  skeU  by  Hee 
lengO^  botk  in  indies. 

Or.  P'^^A         (2) 

A       I 

in  which  B^M.A^  and  P  have  the  same  meaning  as  in  Art>  15* 

BzAMFLB  3.— What  woxldng  steam  pressure  win  be  allowed  lor  tba 
palm  stay  having  the  same  dimensions  as  given  in  the  last  f«ainplfl|  made 
of  iron,  and  allowed  a  stress  of  6,000  pounds  per  square  iadi? 

SoLtmoN. — ^By  application  of  rule  II, 

^,(lf)«X.7854X6.000    g.^^^^^     A«u 
100  78 

Rule  HI. — To  find  ike  area  of  a  palm  stay,  find  ike  area  of 

a  direct  stay  required  to  suppori  tke  surface  (by  rule  VI\  Art.  15); 

.  multiply  tkis  area  by  tke  lengfit  of  tke  palm  stay,  in  inckes,  amd 

divide  tke  product  by  tke  lengtk  of  a  line  drawn  at  rigkt  a9^§s 

to  tke  surface  supported  to  tke  end  of  tke  palm  stay. 

Or,  B=^x[  (3) 

M      b 

in  which  ByA.P,  and  M  have  the  same  meaning  as  in  Art.  15» 

Example  4. — Find  the  diameter  of  a  wrought-iron  palm  stay,  with 
the  foot  welded  on,  which  supports  an  area  of  140  square  inches  and  is  to 
be  strong  enough  to  stand  a  working  pressure  of  160  pounds  per  square 
inch;  the  length  of  the  stay  is  66  inches,  and  the  length  of  a  line  at  right 
angles  to  the  boiler  head  to  the  end  of  the  stay  is  60  inches.  Take  the 
permissible  stress  per  square  inch  as  6,000  pounds,  as  prescribed  by  the 
American  rules. 

Solution. — By  application  of  the  rule, 

„     140X160    66 
^  ==    ^  ^^^ — Xr::  =  4.1  sq.  m. 
6,000       60  ^ 


/TT 
Then,  diameter  of  stay  is  \/T;rr:  =  2.3  in.,  nearly.     In  practice,  the 

\  .7854 

next  larger  commercial  size  of  round  iron  would  be  used.     This  is  either 

2|  or  2.\  in.,  depending  on  the  practice  of  the  mill  from  which  the  iron  is 

purchased.     Ans. 
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17.  The  American  and  Canadian  rules  give  the  same  rule 
for  the  working  pressure  allowable  on  solid  rectangular  girder 
stays,  sometimes  called  crown  bars,  and  used  for  supporting  the 
top  sheet  of  combustion  chambers  and  fireboxes,  differing  only 
in  the  value  of  the  constant  employed. 

Rule. — Multiply  the  constant  corresponding  to  conditions  by 
the  square  of  the  depth  of  the  girder,  in  inches,  and  the  ihickness 
of  the  girder,  in  inches.  Divide  this  product  by  the  difference 
between  the  width  of  the  combustion  box,  in  inches  {measured  in 
the  direction  the  girder  is  applied)  and  the  pitch  of  the  staybolts, 
multiplied  by  the  distance  between  girders  from  center  to  center, 
in  inches,  and  the  length  of  the  girder,  in  feet. 

Or.  B=      ^'^^ 


{W'-P)DL 

in  which  B  =  pressure,  in  pounds  per  square  inch; 
d  =  depth  of  girder,  in  inches; 
r= thickness  of  girder,  in  inches; 
11^  =  width  of  combustion  box,  in  inches; 
P  =  pitch  of  staybolts,  in  inches; 
D  =  distance   between   girders,    in   inches,   measured 

from  center  to  center; 
L  =  rength  of  girder,  in  feet; 
A^  =  nimiber  of  supporting  bolts; 
C=550,  American  rules,  when  the  girder  is  fitted  with 

onestaybolt; 
C=825,  American  rules,  when  the  girder  is  fitted  with 

two  or  three  staybolts; 
C=9I7,  American  rules,  when  the  girder  is  fitted  with 

four  or  five  staybolts; 
C=963,  American  rules,  when  the  girder  is  fitted  with 

six  or  seven  staybolts; 
C=990,  American  rules,  when  the  girder  is  fitted  with 

eight  or  more  staybolts; 

C=-     '       ,   Canadian  rules,   when   the  number  of 

N+\ 

staybolts  is  odd  and  the  girder  stays  are  iron; 
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N+l 
of  staybolts  is  odd  and  the  girder  stays  axe  steel; 

_     (N+l)  1,000    „       ,.  ,  .        »i.  , ■ 

C=- — — ,  Canadian  rules,  when  the  number  , 

N+2 
of  staybolts  is  even  and  the  girder  stays  arc  * 

iron; 

^     U\  +  \)  1,000^,  ,   „        ,.  ,         ... 

C  ■=  -^ X 1  ■  1 .  Canadian  rules,  when  the  num- 

N+2 
ber  of  staybolts  is  even  and  the  girder  staj^s  arc 
steel. 

Example  I, — Under  American  mies,  what  working  pressure  will  be 
allowed  on  a  solid  rectangular  steel  Eirdi-r  7  inches  deep  and  2  inches 
thick,  fitted  with  three  staybolts,  and  2.5  feet  long?  The  girders  are 
spaced  7  inches  center  to  center,  the  pitch  of  the  staybolts  is  7. .I  inches, 
utui  Ihe  combustion  chamber  is  30  inches  wide. 

SoLlTHiN. — For  thi.-i  case,  C  =  835.     By  application  of  the  rule, 

a ^5X7^^ 

(30-7.6)X7X2.5  "^  ^ 

E.iMiiPi.K  2.^Whal  working  pressure  will  be  allowed,  under  Canadian 
rules,  on  the  gifder  in  example  1? 
Solution.— For  this  case, 

^    3X1,000 


By  application  o£  the  rule, 
825X7'X2 


3+.     X'-«» 


{30-7.5)X7X2.5 


-205.31b.  per  sq.  in.    Ans. 


BXAHPLBB    FOB    PRACTICB 


Find  the  load  on  a  staybolt,  the  pitch  being  6)  inches  and  tbe  steam 
pounds  per  square  inch.  Ans.  6,281.26  lb. 


2.  Find  the  stress  per  square  inch  of  section  of  a  staybolt  1  tath  in 
diameter,  the  pitch  being  6^  inches  and  the  steam  pressure  120  pounds. 

Ans.  4,621.86  lb.  per  aq.  in. 

3.  Under  American  ndes,  what  working  pressure  will  be  allowed  on 
ij-inch  steel  staybolts  pitched  Si  inches  center  to  center?  The  staybcdts 
have  not  been  forged  or  welded.  Ans.  162.87  lb.  per  aq.  in. 
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4.  Wrought-iron  screw  stays  pitched  8  inches  center  to  center  support 
the  plates  of  a  firebox;  what  should  be  the  area  of  each  for  a  working 
pressure  of  160  pounds  per  square  inch,  if  the  permissible  stress  is  7,500 
pounds  per  square  inch?  Ans.  1.365  sq.  in. 

5.  What  is  the  stress  per  square  inch  of  section  in  a  palm  stay  7  feet 
6  inches  long?  The  diameter  of  the  stay  is  2  inches,  the  area  supported 
by  the  stay  is  156  square  inches,  and  the  steam  pressure  is  120  pounds. 
The  distance  from  the  head  to  the  point  of  intersection  of  the  center  line 
of  the  stay  with  the  shell  is  6  feet  9  inches.  Ans.  6,620.83  lb. 

6.  What  working  pressure,  under  Canadian  rules,  will  be  allowed  on 
a  welded  wrought-iron  palm  stay  2^  inches  in  diameter,  if  the  stay  is 
76  inches  long  and  supports  a  surface  of  140  square  inches?  The  length 
of  a  line  at  right  angles  to  the  boiler  head  and  to  the  end  of  the  stay  is 
68  inches.  Ans.  152.47  lb.  per  sq.  in. 

7.  Under  American  rules,  what  working  pressure  will  be  permitted 
on  a  girder  stay  fitted  with  four  staybolts  having  a  pitch  of  7  inches,  the 
girder  stay  being  2§  inches  thick,  having  a  depth  of  8  inches,  and  a  length 
of  2.9  feet?  The  girder  stays  are  plaoed  7  inches  center  to  center  and 
the  combustion  chamber  is  35  inches  wide. 

Ans.  258.13  lb.,  nearly,  per  sq.  in. 


FURNACE  FLUES,  SMOKE  FLUES,  AND  TUBES 


FURNACE    FLUES 

18.  The  American  and  Canadian  rules  prescribe  the  same 
general  rule  for  finding  the  permissible  external  working  pres- 
sure on  corrugated  and  similar  furnace  flues;  they  differ  some- 
what, however,  in  the  value  of  the  constant  forming  a  factor 
in  the  rule. 

Rule. — Multiply  the  constant  corresponding  to  the  case  by  the 
thickness  of  the  furnace  flue,  in  inches,  and  divide  the  product  by 
the  mean  diameter,  in  inches. 

Or.  P  =  ^ 

D 

in  which  P= working  pressure,  in  pounds  per  square  inch; 
r  =  thickness  of  furnace,  in  inches; 
D  =  mean  diameter,  in  inches; 
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C=  10,000  for  corrugated  iron  furnace  flues,  Canadian 

rules; 
C=  17,300  for  Leeds  suspension  btilb  furnace  flues, 

American  rules; 
C=  15,600  for  Morison  furnace  flues,  American  rules; 
C=  14,000  for  Morison  furnace  flues  under  Canadian 

rules,  and  for  Purves,  Fox,  and  Brown  ftimace 

flues  under  American  and  Canadian  rules. 

Under  American  rules,  the  mean  diameter  of  Morison  fur- 
nace flues  is  the  least  inside  diameter  plus  2  inches;  tmder 
Canadian  rules,  it  is  the  outside  diameter  at  the  bottom  of  the 
corrugations.  For  ordinary  corrugated  (Fox)  furnace  flues, 
the  mean  diameter,  imder  both  rules,  is  the  outside  diameter  at 
the  bottom  of  the  corrugations.  For  Purves  and  Brown  fur- 
nace flues,  under  both  rules,  the  mean  diameter  is  the  least 
outside  diameter,  that  is,  the  diameter  of  the  plain  parts. 

Example  1. — What  working  pressure  will  be  allowed,^ under  Canadian 
rules,  on  an  iron  corrugated  furnace  flue  40  inches  in  mean  diameter  and 
J  inch  thick? 

Solution. —     C=  10,000.     By  application  of  the  rule, 

10,000  X  J 
P  =  —     —  -  =  125  lb.  per  sq.  in.     Ans. 
40  ^      ^ 

Example  2. — What  working  pressure  will  be  alloweil  on  a  Purv^es 
furnace  flue  30  inches  in  mean  diameter  and  g  inch  thick? 

SonTioN. —     C=  14,000.     By  ai)plicati()n  of  the  rule, 

14,000X1 
P=  =  14;"). S3  lb.  per  sq.  in.     Ans. 

19«  A  ty])e  of  funiace  flue  is  used  to  some  extent  which 
is  built  uj)  of  short  sections  fitted  into  each  other  and  riveted 
toj^ether,  each  section  havinj^  one  corrugation  2\  inches  deep, 
and  the  corruj:^ations  being  18  inches  center  to  center.  The 
plain  parts  at  the  end  do  not  exceed  12  inches  in  length,  and 
the  thickness  is  not  less  than  j^  inch.  For  such  a  furnace, 
the  American  rtiles  prescribe  that  the  working  pressure  be 
found  by  the  rule  in  Art.  18,  making  C=  10,000. 
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20.  Plain  horizontal  ftimace  flues  made  up  of  flanged  sec- 
tions riveted  together  with  a  ring  between  the  flanges  are 
known  as  the  Adamson  type  of  furnace  flue.  Under  the 
American  rules,  the  sections  must  not  be  shorter  than  18  inches, 
nor  less  than  ^  inch  thick.  The  flanges  mtist  have  a  depth 
of  not  less  than  three  times  the  rivet-hole  diameter  plus  the 
radius  of  the  furnace  wall  (measured  from  the  inside  of  the  fur- 
nace flue) ;  the  radii  of  the  flanges  on  the  fire  side  should  be 
not  less  than  three  times  the  plate  thickness.  The  distance 
from  the  edge  of  the  rivet  hole  to  the  edge  of  the  flange  must 
not  be  less  than  the  diameter  of  the  rivet  hole;  the  rivet  diam- 
eter before  riveting  must  be  at  least  J  inch  more  than  the  plate 
thickness.  The  rings  must  have  a  depth  of  not  less  than  three 
times  the  rivet-hole  diameter;  the  fire-edge  of  the  ring  must 
terminate  at  or  about  the  point  of  tangenc>-  to  the  curve  of  the 
flange. 

Rule. — Divide  57.6  by  the  outside  diameter  of  the  furnace  flue, 
in  inches.  Multiply  the  quotient  by  the  difference  between  18.75 
times  the  plate  thickness ,  in  sixteenths  of  an  inch,  and  the  product 
of  the  length  of  the  furnace  flue  section,  in  inches,  and  1.03. 

Or,  P  =  —    [18.75  r-(LX  1.03)] 

in  which  P  =  working  pressure,  in  pounds  per  square  inch; 
D  =  outside  diameter  of  furnace  flue,  in  inches; 
7  =  nimierator  of  fraction  expressing  plate  thickness, 

in  sixteenths  of  an  inch; 
L  =  length  of  furnace  section,  in  inches. 

Example. — An  Adamson  type  of  furnace  flue  is  made  of  sections 
24  inches  long  and  -^  inch  thick;  the  diameter  being  40  inches,  what 
working  pressure  will  be  allowed,  under  American  rules? 

Solution. —     r=7.     By  application  of  the  rule, 

P  =  4^  X(18.75X7-(24X1.03)1  =  153.4  lb.  per  sq.  in.'  Ans. 
40 

21.  For  horizontal  steel  furnace  flues  of  the  Adamson  type, 
the  Canadian  rules  prescribe  the  following  rule  for  finding  the 
working  pressure : 
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Hule.—^MuUiply  9,900  by  the  plate  thickness,  in  inches,  and 
divide  the  product  by  three  limes  the  outside  diameter  cj  the  fur- 
nace fine,  in  inches.  Multiply  the  quotient  by  the  di^erence 
between  o  and  the  quotient  obtained  by  dividing  the  sum  of  tht 
length  between  centers  oj  flanges,  in  inches,  and  }'2  by  sixty  times 
the  plate  thickness,  in  inches. 

Or,  BJ-^^^-'^m 

in  which  fi= working  pressure,  in  pounds  per  square  inch; 

r  =  platc  thickness,  in  inches; 
jD  =  outside  diameter  of  furnace  flue,  in  inches; 
/,  =  length  of  section  between  center  of  flanges,  in 
inches. 
The   rules   provide   that   L   must   be   never   greater   than 
120  7"- 12. 

Example. — What  working  pressure  will  be  allowed,  under 
rules,  on  the  furnace  fiue  mentioned  in  the  eiiample  in  Art  20. 
Solution.— By  application  of  the  rule. 


3X40 


flOXiV/ 


130.97  lb.  persq.  k 


22.  The  working  pressure  allowable  on  plain  cylindrical 
furnace  flues,  under  American  rules,  is  found  by  the  nile  given 
in  Art.  20*  provided  they  are  made  in  sections  not  shorter  than 
18  inches,  nor  thinner  than  -fg  inch.  The  rule  also  applies  to 
conical  upper  combustion  chambers  of  vertical  submerged 
tubular  boilers,  in  which  case  D  is  to  be  taken  as  the  mean  out- 
side diameter  of  the  frustum  of  a  cone  constituting  the  com- 
bustion chamber,  and  L  as  the  height.  The  constant  51.5, 
however,  must  be  substituted  for  the  constant  57.6  in  both 


ExAUPLB. — A  plain  furnace  due  is  made  of  sections  24  inches  long  and 
j^  inch  thidc.  The  diameter  being  40  inches,  what  workiiig  pressure  will 
be  allowed,  under  American  nilesP 

Solution.—    T=1.    Application  of  the  rule  in  Art  20  makea 
i'---r-X[I8.75X7-(24X1.03)|  =  137.161b.  persq.  in.    Ans. 
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23.  The  Canadian  rules  prescribe  two  rules  for  finding  the 
working  pressure  allowable  on  plain  cylindrical  furnace  flues, 
taking  as  a  standard  a  furnace  with  longitudinal  joints  welded, 
or  made  with  a  single  butt  strap  double  riveted,  or  double  butt 
straps  single  riveted,  rivet  holes  drilled.  Such  furnaces  are 
allowed  the  highest  working  pressure,  determined  in  part  by 
the  constant  90,000  in  rule  I,  this  article;  for  furnaces  con<- 
structed  in  a  different  manner  than  just  specified,  the  constant 
is  reduced.  The  working  pressure  is  to  be  calculated  both  by 
rule  I  and  by  rule  11;  it  will  be  the  smaller  of  the  two  values. 
The  rules  given  apply  to  iron  furnace  flues;  for  steel  furnace 
flues,  multiply  the  result  of  rule  I  by  1.1,  and  in  rule  II  sub- 
stitute the  constant  10,000  for  9,000  in  case  the  furnace  flue 
is  made  of  steel. 

Rules  I  and  II  are  also  applied  to  find  the  working  presstire 
allowable  on  plain  cylindrical  furnace  flues  when  used  as  fur- 
naces for  vertical  fire-tube  boilers,  the  constant  corresponding 
to  the  construction  being  reduced  10  per  cent. 

Rule  I. — Multiply  the  constant  90fl00,  or  such  other  constant 
as  the  case  demands,  by  the  square  of  the  plate  thickness,  in  inches. 
Divide  the  product  by  the  product  obtained  by  multiplying  the  sum 
of  the  length  of  the  furnace  flue,  in  feet,  and  1  by  the  diameter,  in 
inches. 

(L+1)D 

Rule  II. — Multiply  9,000  by  the  plate  thickness,  in  inches, 
and  divide  the  product  by  the  diameter,  in  inches. 

Or,  bJ-MI  (2) 

D 

In  the  rules  given,  let 

B  =  working  pressure,  in  pounds  per  square  inch; 

r  =  plate  thickness,  in  inches; 

L  =  length,    in   feet,    measured   from   center   to   center   of 

strengthening  rings  if  such  are  fitted ; 
D  =  outside  diameter  of  furnace,  in  inches. 

169B— 30 


(» 
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Tlio  constants  to  be  used  in  place  of  90,000,  are  as  follows. 
the  joints  referred  to  being  the  longitudinal  joints; 
80,000  for  single-lnatt-straj]  joints  single  riveted,  drilled  rivet 

holes ; 
85,000  for  single-butt-strap  joints  double  riveted,  punched  rivet 

holes; 
75,000  for  single-butt-.strap  joints  single  ri\*eted,  punched  rivet 

holes; 
85,000  for  double-butt -strap  joints  single  riveted,  punched  rivet 

holes; 
80,000  for  double-riveted  lap  joints,  beveled,  drilled  rivet  holes; 
75,000  for  double-riveted  lap  joints,  not  beveled,  drilled  rivet 

holes; 
70,000  for  single-riveted  lap  joints,  beveled,  drilled  rivet  holes; 
65.000  for  single-riveted  lap  joints,  not  beveled,  drilled  rivet 

holes; 
75,000  for  double-riveted  lap  joints,  beveled,  punched  rivet 

holes; 
70,000  for  double-riveted 

hole: 
65.000 

lioles; 
60,000  for  single-riveted  lap  joints,  not  beveled,  punched  rivet 

holes. 

Example. — Under  Canadian  rules,  what  working  pressure  will  be 
allowed  on  a  plain  cylindrical  steel  furnace  flue  40  inches  in  diameter 
having  the  longitudinal  seam  fitted  with  a  single- riveted  single  butt  strep, 
drilled  rivet  holes,  plate  §  inch  thick,  and  strengthening  rings  placed 
3j  feet  center  to  center? 

SonrrioN. — For  this  case,  the  constant  is  80,000.  The  applying  (rf 
rule  I  and  multiplying  by  1.1  gives 

80,000  X<i)'  _ 

B  =  — i '  —  XI. 1-122.22  lb.  persq.   n. 

Under  Canadian  rules,  the  constant  9,000  in  rule  II  becomes  10,000 
for  steel.     By  application  of  the  rule, 

„     10.000XJ      ,„  ,^ 

B-=      -    -     ■  - 125  lb.  per  sq.  in. 

i  the  working  pressure  in 


joints,  not  beveled,  punched  rivet 

for  single-riveted  lap  joints,   beveled,   punched  rivet 
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8MOKB    FLUES 

24.  Under  American  rules,  all  kinds  of  fiimace  flues  may 
be  used  as  smoke  flues  for^team  chimneys,  that  is,  superheaters, 
provided  the  thickness  is  not  less  than  3^  inch,  the  temperature 
does  not  exceed  600°  F.,  and  the  smoke  flue  is  only  heated  by 
waste  gases.  The  working  pressure  allowable  on  such  smoke 
flues  is  determined  by  the  rules  that  were  presented  in  Arts.  18, 
19,  20,  and  22. 

25.  The  working  pressure  allowable  on  plain  lap-welded 
steel  flues  from  7  to  18  inches  outside  diameter  is  foimd  as  fol- 
lows imder  American  rules: 

Rule. — Multiply  the  wall  thickness  by  86,670  and  subtract 
from  the  product  the  product  of  1,386  and  the  outside  diameter  of 
the  flue.  Divide  the  remainder  by  the  product  of  the  outside  diam- 
eter and  the  factor  of  safety,  taken  as  5. 

^  p__(r  86,670) -(1, 386  £>) 

DF 

in  which  P= working  pressure,  in  pounds  per  sqtiare  inch; 

r  =  thickness  of  wall  of  flue,  in  inches; 

D  =  outside  diameter  of  flue,  in  inches; 

F  =  5,  the  factor  of  safety. 

Example. — A'  lap-welded  steel  flue  12  inches  in  outside  diameter  has 
a  wall  f  inch  thick.     What  working  pressure  will  be  allowed  on  it? 

Solution. — ^An  application  of  the  rule  makes 

(1X86,670) -(1,386X12) 

P^ =  264.4  lb.  per  sq.  m.,  nearly.    Ans. 

12X5  f     ^       y 

26.  When  smoke  flues  over  6  inches  and  not  over  18  inches 
in  diameter  arc  made  in  sections  not  over  24  inches  long  and 
efficiently  riveted  together,  and  if  the  minimum  thickness  is 
.25  inch,  the  working  pressure,  under  American  rules,  is  cal- 
culated as  follows: 

Rule. — Multiply  8,100  by  the  thickness  of  the  flue  and  divide 
the  product  by  the  outside  diameter. 

Or.  P=»'-i«^ 

D 

in  which  P,  T,  and  D  have  the  same  meaning  as  in  Art.  25. 


G8 


MARINE-BOILER  INSPECTION 


§18 


BxAMPLB. — ^What  wofking  pressure  win  be  allowed  on  a 
made  in  sections,  18  indies  in  diameter,  and  .4  inch  thick? 

Solution. — ^An  application  of  the  rule  gives 

8,100X.4 


smoke  fine 


P- 


18 


— 180  lb.  per  sq.  in.    Ans. 


27«  ,  Under  American  rules,  the  working  pressure  aSowabfe 
on  riveted,  seamless,  or  lap-wdded  smoke  flues  over  18  incfaes 
and  not  over  28  inches  in  outside  diameter,  if  made  in  sectioos 
not  less  than  24  inches  in  length  nor  more  than  three  and  one- 
half  times  the  flue  diameter  in  length,  is  to  be  found  by  the 
rule  given  in  Art.  20^  substituting  the  constant  51.5  for  the 
constant  57.6,  however. 


28.  Under  American  rules,  lap-welded  •  and  also  sftamlfWH 
boiler  tubes,  when  having  the  thickness  given  in  TaUe  I,  axe 
allowed  the  working  pressure  there  given,  and  may  have  any 
length.  When  made  of  heavier  material  than  is  spedSed  in 
Table  I,  the  allowable  working  pressure  is  to  be  calculated  by 
the  rule  given  in  Art.  25. 

TABLE  I 

WORKING    PRESSURE    ALLOWABLE    ON    BOILER    TUBER 


Outside 
Diameter 

Inches 

Thickness 
Inches 

•095 

Working 
Pressure 

Pounds 

ix;r  Square 

Inch 

.427 

Outside 
Diameter 

Inches 

Thickness 
Inches 

.120 

Working 
Pressure 

Pounds 

per  Square 

Inch 

2 

3h 

308 

2l 

•095 

380 

3J 

.120 

282 

2h 

.109 

392 

4 

•134 

303 

2f 

.109 

356 

4h 

•134 

238 

3 

.109 

327 

5 

.148 

235 

3* 

.120 

332 

6 

.165 

199 

!§  18  MARINE-BOILER  INSPECTION  (>!» 


EXAMPLES    FOB    PRACTICE 

1.  What  working  pressure  will  be  allowed,  under  American  rules,  on 
a  Morison  furnace  flue  38  inches  in  mean  diameter  and  ^  inch  thick? 

Ans.  205.26  lb.  per  sq.  in. 

2.  A  furnace  flue  36  inches  in  mean  diameter  is  built  up  from  sections 
18  inches  long,  each  section  having  one  corrugation  2j  inches  deep.  The 
plate  being  J  inch  thick,  what  working  pressure  will  be  allowed,  under 
American  rules?  Ans.  138.89  lb.  per  sq.  in. 

3.  An  Adamson  type  furnace  flue  is  made  in  sections  30  inches  long  and 
•^  inch  thick;  the  outside  diameter  being  42  inches,  what  working  pressure 
will  be  allowed,  under  American  rules?  Ans.  189.05  lb.  per  sq.  in. 

4.  What  working  pressure  will  be  allowed,  tmder  Canadian  rules,  on 
a  plain  circular  furnace  flue  made  of  iron  §  inch  thick  having  a  single- 
riveted  single- butt-strap  longitudinal  joint,  an  outside  diameter  of 
38  inches,  and  a  length  of  4  feet?    The  rivet  holes  are  drilled. 

Ans.  105.26  lb.  per  sq.  in. 

5.  The  cone-shaped  combustion  chamber  at  the  top  of  a  vertical  tubular 
boiler  is  made  of  f-inch  plate;  it  is  20  inches  high,  and  36  inches  in  mean 
diameter.  What  working  pressure  will  be  allowed  on  it,  under  American 
rules?  Ans.  131.47  lb.  per  sq.  in.,  nearly 

6.  What  working  pressure  will  be  permitted,  under  American  rules, 
on  a  seamless  boiler  tube  5  inches  in  outside  diameter  and  .165  inch  thick? 

Ans.  294.8  lb.  per  sq.  in. 

l^OILEU  ILELVDH  AND  1>RUM  IIELVDS 


BOILKR    HEADS 

29.  The  American  rules  state  in  regard  to  boiler  heads: 
"All  heads  employed  in  the  construction  of  cylindrical  exter- 
nally fired  boilers  for  steamers  navigating  the  Red  River  of 
the  North  and  rivers  whose  waters  flow  into  the  Gulf  of  Mexico, 
shall  have  a  thickness  of  material  as  follows: 

For  boilors  having  a  diameter: 
Over  32  inches  and  not  over  30  inches,  not  less  than  J  inch. 
Over  3()  inches  and  not  over  40  inches,  not  less  than  ^  inch. 
Over  40  inches  and  not  over  48  inches,  not  less  than  |  inch. 
Over  48  inches,  not  less  than  f  inch." 
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30.  In  practically  all  fire-tube  boilerB,  the  heads  are  sup- 
ported by  stays,  and  the  working  pressure  allowable  on  tlie 
heads  is  calculated  by  the  rules  in  Arts.  4  to  10,  which  assume 
proper  staying,  Wbeti  the  staying  is  weaker,  the  working 
pressure  must  be  reduced  until  the  stress  on  the  stays  comes  , 
within  the  legal  limit.  

DBIIM    HI3ADN 

31.  The  heads  of  steam,  water,  and  mud-drums  are  either 
flat,  convex  (bumped),  or  concave  (dished). 

Under  American  rules,  flat  drum  heads,  unstayed,  must  not 
exceed  20  inches  in  diameter:  the  flanges  must  be  made  to  aa 
inside  radius  of  at  least  IJ  inches.  WTien  the  heads  exceed 
20  inches  in  diameter,  they  must  be  stayed,  and  their  working 
pressures  are  detennined  by  the  rule  for  flat  surfaces  in  Art.  4. 
For  imstayed  flat  heads,  the  American  rule  for  finding  the  work- 
ing pressure  is  as  follows : 

Rule.^MulHply  the  constant  corresponding  to  the  thickness 
by  the  square  of  the  thickness  of  the  material,  in  sixteenths  of  an 
imh,  and  divide  tiic  product  by  one-half  the  area  oj  the  head, 
square  inchss. 

Or,  P.^ 

A 

in  which  P= working  pressure,  in  pounds  per  square  inch; 
C=  112  for  plates  -^  inch  and  under; 
C=  120  for  plates  over  ^  inch; 
r=numerator  of  fraction  denoting  plate  thickness, 

in  sixteenths  of  an  inch; 
j4  =  one-half  the  area  of  the  head,  in  square  inches. 
Example. — What  working  pressure  will  be  allowed  on  an  unstayed 
siiam-dnim  head  j  inch  thick  and  18  inches  in  diameter? 
Solution.—    f  -  fj,  <"■  T- 12, 

A --127.2sq.m. 

C=  120.     By  application  of  the  rule, 
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32.  The  Canadian  rules  state  that  in  water-tube  boilers, 
drum  heads  must  not  be  less  than  J  inch  thick.  When  stayed 
by  a  number  of  stays,  the  working  pressure  on  a  flat  drum 
head  is  found  by  the  rule  presented  in  Art.  5. 

For  the  common  case  where  the  flat  heads  of  a  drum  of  a 
water-tube  boiler  are  stayed  by  a  single  stayrod  in  the  center 
of  the  heads,  the  Canadian  rules  specify  that  the  working  pres- 
sure is  to  be  found  as  follows,  provided  the  plates  of  the  dnmi 
are  exposed  "to  the  impact  of  heat  or  flame  (as  in  the  Roberts 
boiler)  and  the  stayrod  is  screwed  into  the  heads  and  fitted  with 
nuts,  or  well  riveted  over  to  form  a  good  head,  and  the  boiler 
is  new: 

Rule. — Multiply  80  by  the  square  of  the  sum  of  the  thickness 
of  the  heady  in  sixteenths  of  an  inch,  and  1.  Divide  the  product 
by  the  square  of  the  difference  between  one-half  the  inside  diameter 
of  the  drum  head,  in  inches,  and  1,  diminished  by  6. 

„      80  (7+ 1)' 


Or, 


(r')"- 


in  which  P  =  working  prcssxirc,  in  pounds  per  square  inch; 

7'  =  nxmierator  of  fraction  denoting  the  thickness  of 

the  head,  in  sixteenths  of  an  inch; 
d  =  inside  diameter  of  the  drum  head,  in  inches. 

Example. — The  flat  head  ot  a  steam  drum  24  inches  inside  diameter  is 
stayed  by  a  stayrod  in  the  center  and  is  J  inch  thick ;  what  working  pressure 
will  he  allowed  on  it,  under  Canadian  rules? 

Solution. —    \-\i,oxT-\2.    Applying  the  rule, 

^    80X(12-H)»     ,,^^^,^  . 

P  =  -- =117.57  lb.  per  sq.  m.     Ans. 


/24       \« 

(2-V- 


6 


33.  For  unstayed  convex  heads,  that  is,  heads  receiving 
the  steam  pressure  on  their  concave  side,  the  American  rules 
prescribe  the  following  rule: 

Rule. — Multiply  the  thickness  of  the  plate,  in  inches,  by  one- 
fifth  of  the  tensile  strength  and  divide  the  product  by  one-half  the 
radius  to  which  the  head  is  bumped. 
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TS 
Or.  P=  — 

R 

in  which  P= working  pressure,  in  pounds  per  square  inch; 
r  =  thickness  of  head,  in  inches; 
5= one-fifth  of  the  tensile  strength,  in  pounds  per 

square  inch ; 
R  =  one-half  the  radius  to  which  the  head  is  bumped. 

To  find  the  radius  to  which  the  head  is  bumped,  square  one- 
half  the  diameter  of  the  head  and  divide  by  the  height  of  the 
biunp;  to  the  quotient  add  the  height  of  the  bump  and  divide 
the  sxmi  by  2. 

Example. — ^The  head  of  a  steam  drum  is  convex,  bumped  to  a  radius 
of  36  inches,  is  J  inch  thick,  and  has  a  tensile  strength  of  55,()(X)  pounds 
per  square  inch;  what  working  pressure  will  be  allowed  on  this  head? 

Solution. — By  application  of  the  rule, 

^~ aT =305.56  lb.  per  sq.  in.,  nearly.     Ans. 

34.  The  general  rule  for  finding  the  working  pressure  on  a 
jointless  sphere,  or  a  portion  of  a  jointless  sphere,  is  as  follows: 

liule. — Multiply  twice  the  tensile  strength  of  the  material,  in 

pounds  per  square  inch,  by  its  thickness,  in  inches;  divide  the 
product  by  the  product  of  the  radius  of  the  sphere,  in  inches,  and 
the  factor  of  safety. 

Or,  Z.  =  2-^^ 

RF 

in  which  />=  working  ])ressure.  in  pounds  ])cr  square  inch; 
C  =  tensile  strength,  in  pounds  per  square  inch; 
/?  =  radius  of  sphere,  in  inches; 
F  =  factor  of  safety. 

Tlic  nile  just  given  is  used  by  Canadian  ins])ectors  for  deter- 
mining the  allowabk*  working  pressure  cm  an  unstayed  convex 
head,  when  not  ex]X)sed  to  the  impact  of  heal  or  flame,  and  being 
bumped  to  a  racHus  not  greater  than  the  diameter  of  the  dnun 
to  which  it  is  attached.  A  factor  of  safety  of  4  is  prescribed 
when  the  heads  are  ])ressed  into  sha]je  by  a  machine  and  sub- 
sequently annealed,  and  of  o  when  the  heads  are  worked  into 
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shape  by  hand  and  subsequently  annealed.  When  a  greater 
pressure  is  desired  than  given  by  the  rule,  the  heads  must  be 
stayed  as  flat  surfaces. 

Example. — What  working  pressure  will  be  allowed  on  a  convex  steel 
head  §  inch  thick,  Having  a  tensile  strength  of  60,000  pounds  per  square 
inch,  and  bumped  to  a  radius  of  30  inches,  using  a  factor  of  safety  of  5? 

Solution. — By  application  of  the  rule, 

„     2X60,000xi 

B  = — =  400  lb.  per  sq.  in.     Ans. 

30X5  ^     ^ 

# 

35.  The  Canadian  rules  make  provision  for  concave  heads, 
that  is,  heads  that  receive  the  steam  pressure  on  their  convex 
side.  The  American  rules  permit  a  working  pressure  of  .8 
that  permitted  on  the  same  head  when  used  as  a  convex  head; 
therefore,  to  find  the  working  pressure  on  a  concave  head,  apply 
the  rule  in  Art.  33  and  multiply  the  result  by  .8. 


BXAMPLE8    FOR    PRACTICE 

1.  Under  American  rules,  what  working  pressure  will  be  allowed  on  a 
fiat  unstayed  head  of  a  mud-drum  if  the  head  is  \  inch  thick  and  10  inches 
in  diameter?  Ans.  195.57  lb.  per  sq.  in. 

2.  W'Tiat  working  pressure  will  be  allowed,  under  Canadian  rules,  on  a 
flat  drum  head  20  inches  in  diameter  and  Jf  inch  thick,  properly  stayed  by 
one  stayrod  in  its  center,  and  used  for  a  water-tube  boiler? 

Ans.  209  lb.  per  sq.  in.,  nearly 

3.  A  convex  head  is  bumped  to  a  radius  of  30  inches,  is  f  inch  thick, 
and  has  a  tensile  strength  of  60,000  pounds  per  sqtmre  inch;  what  working 
pressure  will  the  American  rules  allow  on  this  head? 

Ans.  300  lb.  per  sq.  iiL 

4.  If  the  head  in  example  4  were  concave,  what  pressure  would  the 
American  rules  allow  on  it?  Ans.  240  lb.  per  sq.  in. 

5.  A  convex  head  for  the  steam  drum  of  a  fire-tube  boiler  is  bumped 
to  a  radius  of  24  inches  and  is  worked  into  shape  by  hand;  it  is  made  of 
wrought  iron  having  a  tensile  strength  of  50,000  pounds  per  square  inch, 
and  is  f  inch  thick.  What  working  pressure  will  be  allowed  on  this  head, 
under  Canadian  rules?  Ans.  312.5  lb.  per  sq.  in. 
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PIPES  AND  SAFETY  VALVES 


86.  Under  American  rules,  the  working  pressure  allowable 
on  riveted  main  steam  pipes  constructed  from  stamped  and 
tested  wrought-iron  or  steel  plates  is  calculated  in  exactly  the 
same  manner  as  for  a  boiler  shell.  The  working  pressure  allow* 
able  Oil  lap-welded  or  solid-drawn  wrought-iron  or  steel  pipe 
is  to  be  found  as  follows: 

Bxile.—MMUiply  10,000  by  the  thickness  of  the  pip€,  in  indm, 

diminislwd  by  JtS,  and  divide  ike  product  by  ike  inside  diameler, 

in  inckes. 

^                         p^  10,000  (r->125) 
Or.  p. ^ 

in  which  P-*  working  pressure,  in  pounds  per  square  indb; 
r>«thickness  of  pipe,  in  inches; 
i?= inside  diameter,  in  inches. 

Example. — ^What  working  pressure  will  be  allowed  on  a  sdid-drawn 
steel  main  steam  pipe  12  inches  in  inside  diameter  and  f  inch  thick,  under 
American  rules? 

Solution. — By  application  of  the  rule, 

10,000X(i-.125) 

P  =  — ^ — ^ ^  =  208.33  lb.  per  sq.  in.     Ans. 

12  *-     -^ 

The  Canadian  rules  do  not  prescribe  any  formula  for  finding 
the  working  pressure  allowable  on  wrought-iron  or  steel  pipe. 

37.  The  Canadian  rules  do  not  contain  any  provision  for 
copper  pipe;  the  American  rules  provide  that  the  thickness  of 
copper  pipe  must  be  found  as  follows: 

Rule. — Multiply  the  working  pressure  by  the  inside  diameter 

of  tlie  pipe  and  divide  the  product  by  6,000.    Add  .0625  inch  to 

the  quotient, 

PD 
Or,  T=-       +.0625 

6,000 
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in  which  r= thickness,  in  inches; 

P  =  working  pressure,  in  pounds  per  square  inch; 
D  =  inside  diameter  of  pipe,  in  inches. 

Example. — ^How  thick  must  a  copper  feedpipe  4  inches  in  inside  diameter 
be  for  a  working  pressure  of  200  pounds  per  square  inch? 

Solution.— An  application  of  the  rule  makes 

200X4 
T=-——+.0&25^.l9QixL    Ans. 
6,000 


SAFETY-VALVE    AREA 

38«  Under  American  rules,  the  area  of  a  safety  valve,  in 
square  inches  per  square  foot  of  grate  surface,  is  to  be  found 
by  the  rule  in  this  article.  Obviously,  the  result  of  the  rule 
must  be  multiplied  by  the  number  of  square  feet  of  grate  sur- 
face of  the  boiler  in  order  to  obtain  the  area  of  the  safety  valve 
required.  When  the  diameter  exceeds  4J  inches,  it  is  required 
to  use  two  valves  whose  combined  area  will  equal  that  cal- 
culated. If  the  calculation  gives  an  odd  size  of  safety  valve, 
the  next  larger  standard  size  is  chosen. 

Rule. — Multiply  the  constant  £074  ^y  H^  number  of  pounds 

of  water  evaporated  per  hour  per  square  foot  of  grate  surface. 

Divide  the  product  by  the  absolute  boiler  pressure,  taken  as  the 

gauge  pressure  plus  16, 

^                                        .2074  W 
Or,  a  = 

P 

in  which  a  =  area  of  safety  valve,  in  square  inches,  per  square 

foot  of  grate  surface; 
Vl^  =  pounds  of  water  evaporated  per  square  foot  of 

grate  siuface  per  hour; 
P  =  working  pressure  in  poimds  per  square  inch+15. 

Example. — A  boiler  is  estimated  to  bum  12  pounds  of  coal  per  square 
foot  of  grate  surface  per  hour,  and  to  evaporate  9  pounds  of  water  per 
pound  of  coal ;  the  boiler  having  30  square  feet  of  grate  surface,  what  area 
should  the  safety  valve  have,  under  American  rules?  The  boiler  pressure 
is  150  pounds  per  square  inch. 
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SoLUTioN.—     H^=12X9-108,  P  =  150+15  =  165.     By  application  of 

the  rule, 

.2074X108      ,^^^ 

a  = =  .1358  sq.  in. 

165 

Then,  area  of  safety  valve  for  the  boiler  is 

.1358X30  =  4.074  sq.  in.     Ans. 

39.  The  Canadian  rules  prohibit  the  use  of  a  safety  valve 
smaller  than  1  inch  diameter;  the  area  of  a  safety  valve,  in 
square  inches  per  square  foot  of  grate  surface,  for  boilers  worked 
tmder  natural  draft,  is  found  by  the  rule  given  in  this  article. 
Obviously,  the  result  of  the  rule  must  be  multiplied  by  the  num- 
ber of  square  feet  of  grate  surface  of  the  boiler  to  find  the  safety- 
valve  area  for  that  boiler. 

Rule. — Divide  37.5  by  the  absolute  boiler  pressure,  taken  as 
the  sunt  of  the  gauge  pressure  and  15. 

n  37.5 

Or,  a  =  — - 

in  which  the  letters  have  the  same  meaning  as  in  Art.  38. 

Example. — What  area  of  safety  valve  is  required,  under  Canadian 
rules,  for  a  boiler  worked  under  natural  draft  at  a  gauge  pressure  of  150 
pounds  per  square  inch,  the  boiler  having  30  scjuarc  feet  of  grate  surface.** 

Solution. — By  application  of  the  rule, 

a  = =  .22/  s(i.  in. 

150+15  * 

Then,  area  uf  siitcty  valve  is 

.227X30  =  15.81  sq.  in.     Ans. 


EXAMPLEH    FOR    PIIACTIC'K 

1.  Under  American  niles,  what  working  i)ressure  will  be  allowed  on  a 
wrought-iron  steam  pipe  \  inch  thick  and  7  inches  in  inside  diameter? 

Ans.   17S.57  lb.  per  scj.  in. 

2.  A  boiler  is  estimated  to  evaporate  120  iH)un(is  of  water  ])er  hour 
per  square  foot  of  grate  surface,  which  measures  ()0  square  feet;  what 
area  of  safety  valve  is  requiretl  for  the  lK)iler,  under  American  niles,  if  the 
working  pressure  is  to  be  105  i)ounds  i)er  sc^uare  inch  by  the  gauge? 

Ans.  12.44  sq.  in. 


PROPULSION  OF  VESSELS 


PROPELLING  INSTRUMENTS 


INTRODUCTION 


METHODS    OF    PROPULSION 

1.  A  steam  vessel  may  be  propelled  either  by  a  stream 
of  water,  caused  by  suitable  means  to  flow  in  a  direction 
opposite  to  that  in  which  it  is  desired  to  propel  the  vessel; 
or  it  may  be  pulled  along  a  stationary  chain  or  cable  lying 
on  the  bottom  of  the  river,  the  chain  passing  around  a  drum 
situated  within  the  vessel  and  actuated  by  suitable  machinery. 
Chain  propulsion  is  used  to  some  extent  in  Europe,  but  since 
it  does  not  possess  any  special  features  calling  for  a  descrip- 
tion of  the  system,  it  will  not  be  treated  here.  In  the  first 
method  of  propulsion  mentioned,  the  stream  of  water  pro- 
jected from  the  vessel  propels  the  vessel  by  its  reaction. 

In  practice,  a  stream  of  water  may  be  projected  from  a 
vessel  in  three  ways:  (1)  By  means  of  one  or  more  paddle 
wheels;  when  there  is  only  one  wheel,  it  is  usually  situated 
at  the  stern  of  the  vessel;  when  there  are  two,  they  are  placed 
amidships,  or  nearly  sow  (2)  By  means  of  one  or  more 
screws  situated  either  at  the  stern  or  at  both  the  bow  and 
the  stern.   (3)   By  means  of  a  pump  placed  within  the  vessel. 

In  the  last  case,  a  stream  of  water  is  led  to  the  pump  by 
suitable  piping,  and  is  ejected  under  pressure  from  orifices 
located  in  the  sides  of  the  vessel.  A  vessel  propelled  in  this 
manner  is  known  as  a  jei  propeller.  Owing  to  practical  diffi- 
culties, jet  propulsion  has  never  come  into  general  use,  and, 
hence,  will  not  be  treated  here. 
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2*  Action  off  Propelllnflc  Instrument. — ^When  a  pad- 
dle wheel  or  screw  serving  as  a  propelling  instrtainent  is 
revolved,  it  tends  to  force  backwards  a  certain  quantity  of 
water;  the  inertia  of  the  water  opposes  this  effort,  and,  by 
virtue  of  the  reaction  thus  created,  the  vessel  is  propeUed. 
When  the  engines  are  first  started,  the  propelling  instrument 
revolves  for  a  certain  time  before  the  inertia  of  the  vessel  is 
overcome,  and  during  this  short  space  of  time  the  water  that 
is  driven  backwards  has  nearly  the  same  velocity  with  respect 
to  the  main  body  of  watfer  that  it  has  to  the  ship.  Suppose 
after  the  ship  is  under  way,  that  the  instrument  maintains  the 
same  speed  of  revolution  and  the  speed  of  the  ship  gradually 
increases;  then,  as  the  stream  of  wAter  forced  back  maintains 
a  constant  velocity  relative  to  the  ship,  it  is  seen  that  its 
velocity  relative  to  the  main  body  of  water  is  gradnally 
decreasing. 

The  speed  of  the  ship  will  gradually  increase  up  to  a  certain 
point,  due  to  the  force  of  propulsion,  and  then  remain  at 
that  speed — that  is,  provided  the  velocity  of  the  issuing 
stream  remains  the  same.  The  whole  of  the  propelling 
effort  is  now  absorbed  in  overcoming  the  resistance  of  the 
air,  skin  friction,  inertia  of  the  water,  etc. 

3.  Measurement  of  Shlp^s  Speed. — The  speed  of  a 
vessel  may  be  measured  in  two  ways — by  its  motion 
through  water  and  by  its  motion  over  ground.  The  latter, 
which  is  the  actual  speed  in  reference  to  a  fixed  point  on 
land,  is  obtained  from  the  former  by  allowing  for  the  motion 
of  the  water  in  which  the  vessel  floats.  There  may  be  a 
decided  difference  in  speed  measured  in  the  two  ways  men- 
tioned, as  the  following  consideration  will  show.  Let  the 
distance  between  two  ports  be  1,000  miles,  and  let  the  ship 
cover  this  distance  in  100  hours.  Then,  its  speed  in  relation 
to  a  fixed  point  of  the  earth  (the  port  of  departure)  is 
-^i^o^o^  =  10  miles  per  hour.  Now,  assume  that  the  vessel 
is  again  leaving  the  same  port  of  departure  bound  for  the 
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same  port  of  destination  and  over  the  same  route,  but  that 
on  leavincf  port  it  enters  a  current  setting:  in  the  same  direc- 
tion as  the  ship  is  advancing:,  and  running  2  miles  per  hour. 
Then,  in  order  to  reach  the  port  of  destination  in  the  same 
time  as  before,  that  is,  in  100  hours,' its  speed  per  hour  in 
regard  to  the  point  of  departure  must  be  10  miles;  but,  owing 
to  being  in  a  current  advancing  the  vessel  2  miles  per  hour, 
its  speed  through  the  surrounding  water  must  be  10  •-  2  =  8 
miles  per  hour.  This  shows  that  there  may  be  a  difference 
between  the  speed  of  a  ship  through  the  surrounding  water, 
that  is,  the  speed  with  which  the  surrounding  water  may  be 
conceived  to  move  past  the  ship,  and  the  speed  of  a  ship 
relative  to  a  fixed  point  of  the  earth.  It  is  of  the  utmost 
importance  that  this  be  kept  in  mind.  In  considering  the 
speed  of  a  vessel  from  the  propulsion  point  of  view,  its 
speed  in  respect  to  the  surrounding  water  must  be  taken. 

4.  Wake. — By  reason  of  friction,  a  moving  vessel  will 
drag  with  it  some  water,  which  forms  a  casing,  as  it  were, 
the  different  parts  of  which  have  different  velocities.  Thus, 
the  water  directly  in  contact  with  the  part  of  the  vessel 
below  the  water-line  will  have  a  velocity  probably  nearly 
equal  to  that'of  the  ship,  while  particles  of  water  several 
inches  from  the  ship  will  have  a  much  lower  velocity,  and 
so  on,  until,  finally,  those  some  distance  from  the  vessel 
will  have  no  motion  in  relation  to  the  surrounding  water. 
The  water  thus  dragged  along,  with  its  velocity  modified  by 
other  conditions,  will  collect  near  the  stern  of  the  vessel  in 
the  form  of  a  stream  moving  in  the  same  direction  as  the 
vessel;  this  stream  is  called  the  wake.  When  standing  at 
the  stern  of  a  ship  and  looking  at  the  wake,  it  appears  to 
recede  from  the  ship;  this,  of  course,  is  due  to  Jthe  fact  that 
the  vessel  moves  forwards  faster  than  the  wake.  If  the 
vessel  could  be  instantly  brought  to  rest,  the  wake  would 
flow  toward  the  ship;  in  other  words,  its  motion  in  relation 
to  the  ship  is  always  forwards.  The  velocity  of  the  wake,  in 
relation  to  the  surrounding  water  and  the  ship,  is  greatly 
influenced  by  the  form  of  the  vessel  below  the  water-line, 
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one  with  a  blunt  stern  imparting  a  g^reater  velocity  to  its 
wake  than  one  with  a  fine,  after  body.  It  is  readily  seen 
that  the  creation  of  a  wake  reduces  the  force  available  for 
giving  speed  to  the  vessel,  as  a  considerable  part  of  the 
total  force  exerted  by  the  engine  is  expended  in  dragging 
the  water  forming  the  wake. 

5.  True  Slip. — In  considering  the  speed  of  a  stream 
projected  by  ^  propelling  instrument  from  a  vessel  in 
motion,  it  must  be  borne  in  mind  that  while  the  stream  is 
propelled  astern  the  vessel  is  advancing.  Since  the  stream 
.must  move  astern  faster  than  the  vessel  advances,  the 
rearward  speed  of  the  stream  in  relation  to  a  fixed  point  of 
the  water  some  distance  astern  of  the  ship,  as  a  floating 
piece  of  wood,  will  be  the  difference  between  the  speed  of 
the  vessel  in  relation  to  the  piece  of  wood  and  the  rearward 
speed  of  the  stream  in  relation  to  the  vessel.  If  the  pro- 
pelling instrument,  as  for  instance  the  paddle  wheels  of  a 
side-wheel  steamer,  does  not  work  in  a  wake,  the  speed  of 
the  vessel,  in  relation  to  a  fixed  point  of  the  water  astern, 
may  be  conceived  to  be  the  average  speed  with  which  the 
water  is  fed  to  the  propelling  instrument.  When  the  pro- 
peller works  in  a  wake,  however,  which,  as  previously  stated, 
has  a  forward  motion,  the  speed  with  which  water  is  fed  to 
the  propelling:  instrument  is  reduced  thereby  and  it  becomes 
equal  to  the  difference  between  the  forward  speed  of  the 
vessel  in  relation  to  a  fixed  point  of  the  water  clear  of  the 
wake  and  the  wake  velocity.  Thus,  if  the  speed  of  the  ship 
is  15  miles  per  hour  and  a  wake  that  has  a  forward  velocity 
of  'I  miles  per  hour  collects  at  the  stern,  the  speed  with  which 
the  water  is  fed  to  a  screw  propeller  is  15  —  3  =  12  miles 
per  hour.  The  difference  between  the  speed  with  which 
water  is  fed  to  the  propelling:  instrument  and  the  speed  with 
which  it  is  projected  astern,  both  speeds  being  measured  in 
relation  to  the  vessel,  is  called  the  true  slip,  and  also  the 
real  slip,  of  the  stream. 

(>.     Assume    that   a  vessel  whose   propelling  instrument 
is  working  in  water  clear  of  the  wake  is  descending  a  river. 
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which  means  that  it  floats  in  a  favoring  current.  The  speed 
of  the  ship  in  relation  to  its  port  of  departure  will  be  increased 
by  the  current;  that  is,  the  speed  of  the  ship  through  the 
water  remaining  the  same,  the  advance  of  the  ship  in  relation 
to  the  port  of  departure  will  be  the  sum  of  the  speed  through 
the  water  and  the  speed  of  the  current  in  relation  to  the  port 
of  departure.  Letting  a  denote  the  speed  of  the  ship  through 
the  water  and  c  the  speed  of  the  current,  the  speed  of  the 
ship  in  relation  to  the  port  of  departure  is  a  -h  r.  Likewise, 
if  d  denotes  the  speed  of  the  ship  in  relation  to  the  port  of 
departure,  its  speed  through  the  water  will  be  ^  —  r  =  a. 
If  ^  denotes  the  speed  of  the  stream  projected  from  the 
vessel,  measured  in  relation  to  the  vessel,  the  true  slip, 
measured  in  relation  to  the  port  of  departure,  is  ^  —  (^—  r), 
which  is  the  same  as  ^  —  a. 

Suppose  that  the  vessel  is  moving  through  still  water, 
but  that  a  wake  is  following  the  ship  and  that  the  propel- 
ling instrument  is  working  in  thfis  wake.  This  wake  can  be 
likened  to  the  current  previously  mentioned,  and  hence  its 
forward  speed  can  be  denoted  by  c.  Then,  if  d  denotes  the 
advance  (the  speed)  of  the  ship  in  relation  to  a  fixed  point  in 
the  water  in  which  it  floats  (this  point  is  the  port  of  depar- 
ture of  the  previous  case),  the  true  slip,  as  before,  is 
b  —  {d ^ c)\  ox  \i  a  denotes  the  advance  of  the  vessel  in 
relation  to  a  fixed  point  of  the  wake,  the  true  slip  is  b  —  a. 

7.  A  force  must  act  continuously  to  propel  a  vessel 
through  the  water;  this  force  is  the  reaction  of  the  stream 
projected  astern  by  the  propelling  instrument  and  is  propor- 
tional to  the  true  slip,  the  cross-sectional  area  of  the  stream 
remaining  the  same.  From  this  statement,  it  follows  that 
without  true  slip  there  can  be  no  reaction,  that  is,  no  propul- 
sive force;  in  other  words,  propulsion  of  a  vessel  without 
real  slip  is  an  impossibility. 

8.  Apparent  Slip. — In  practice,  it  is  very  inconvenient 
and  exceedingly  difficult  to  measure  either  the  wake  velocity 
or  the  speed  of  the  ship  in  relation  to  the  wake,  ttut  it  is  a  very 
simple  matter  to  measure  the  speed  of  the  vessel  in  relation 
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to  a  fixed  point  in  tbe  water  cleiir  of  the  WaVe  by  means  of 
an  instniraent  called  a.loff.  -  This  instnunent  consists  of 
three  parts:  the  lofi:  diip,  th»  lof  line,  aAtI  the  log  glass. 
The  chip,  which  is  ■  trUngnUr  piece  of  licht  wood  attached 
to  the  line,  is  thrown  overboard;  as  it  atrikes  the  water  it 
soon  virtually  ceBies  to  partake  of  the  ship's  onward  motion 
and  becomes  stationary;  tbe  distance  of  this  stationary  object 
from  the  ship  is  then,  measttred  after  a  certain  interval  of 
time  has  passed  uid  from  this  the  approximate  rate  of  speed 
:ertained,  the  log  glass  defining  tbe  interval  of  time. 
The  diHerence  between  tbe  speed  of  the  stream  projected 
by  the  propelling  Instnunent  and  the  speed  of  the  ship 
thus  found,  that  u,6—  d.  Art.  6,  is  taken  tta  the  slip.  When 
calculated  in  this  manner  it  obvionsly  is  not  the  same  as 
the  true  slip;  it  is  called  the  apparent  allp.  Conditions 
are  possible  under  wbicb  the  tme  slip  and  apparent  slip 
may  have  the  same  namerical  value;  this,  however,  does 
not  change  the  fact  that  tfie;  are  separate  quantities. 

9.  Ne^ratlve  Slip. — It  is  perfectly  possible  for  a  pro- 
pelling instrument  to  have  an  apparent  slip  of  zero,  and 
under  certain  conditions  calculation  may  even  show  tbe 
apparent  slip  to  be  less  than  zero;  it  ii  then  called  negative 
slip.  This  arises  from  failing  to  take  into  account  either 
the  wake  velocity  or  the  velocity  of  the  vessel  aided  by  a 
favorable  wind,  in  case  the  speed  of  the  vessel  is  measured. 
as  it  should  be  in  considering  propulsion  problems,  in  refer- 
ence to  a  fixed  point  of  the  water  clear  of  the  wake.  When 
the  speed  of  the  vessel  is  measured  in  respect  to  a  fixed 
point  of  the  earth,  as  its  port  of  departure,  the  existence  of  a 
favoring  current  is  an  additional  cause  that  may  produce  a 
negative  apparent  slip,  either  by  itself  or  in  conjunction  with 
the  wake  velocity  and  wind  effect. 

10,  In  algebra,  a  number  greater  than  zero  is  called  &poii- 
live  number,  and  a  number  less  than  zero  is  called  a  negative 
number.  It  is  not  possible  to  arithmetically  subtract  a  positive 
subtrahend  from  a  smaller  positive  minuend;  this  is  easily  done 
algebraically,  however,  with  the  aid  of  the  following  rule. 
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Rule. — To  algebraically  subtract  one  positive  number  from  a 
smaller  positive  number^  subtract  the  smaller  number  from  the 
larger  one  and  prefix  the  minus  sign  to  the  difference  to  indi- 
cate that  it  is  negative. 

Example  1.— Subtract  12  from  8. 

Solution. —  12 

_8 

—4    Ans. 

A  negative  number  can  be  divided  by  a  positive  number 
as  in  arithmetic;  a  minus  sign  is  prefixed  to  the  quotient  to 
indicate  that  the  dividend  was  a  negative  number. 

Example  2. — Divide  - 144  by  6. 

Solution.—  6)  -144  (  -24    Ans. 

12 

~24 
24 

11.  Assume  a  side-wheel  steamer  to  be  descending  a 
river  whose  current  is  running  5  miles  per  hour,  that  its 
speed  through  the  water  is  10  miles  per  hour,  as  shown  by 
the  log,  and  that  the  paddle  wheels  project  streams  to  the 
rear  at  the  rate  of  12  miles  per  hour.  In  a  side-wheel 
steamer,  the  propelling  instruments  are  practically  clear  of 
the  wake,  so  that  the  problem  under  consideration  is  not 
complicated  by  having  to  take  a  wake  velocity  into  account. 
The  speed  with  which  the  ship  advances  in  respect  to  the 
port  of  departure  is  10  -h  5  =  15  miles  per  hour;  the  real,  or 
true,  slip  is  12  —  10  =  2  miles  per  hour,  but  the  apparent 
slip  is  12  —  15  =  —3  miles  per  hour;  that  is,  apparently,  the 
ship  is  moving  faster  than  the  stream  projected  by  the  pro- 
pelling instrument.  Obviously,  the  presence  of  negative 
slip,  in  this  particular  case,  is  due  to  taking  the  ship's  speed 
in  relation  to  the  port  of  departure  instead  of  in  reference 
to  the  water  in  which  the  paddle  wheels  work.  Taking 
the  ship's  speed  in  reference  to  the  water,  the  apparent  slip 
for  this  case  12  —  10  =  2  miles  per  hour,  or  the  same  as 
the  true  slip,  as  here  the  wake  velocity  does  not  enter  the 
problem. 


S  PROPULSION  OP  VESSELS  Sl-J 

12.  The  inflneace  of  the  wake  velocity  on  the  apparent 
■Hp  when  Uie  ship's  speed  is  takea  from  the  log  is  similar 
to  diat  of  e  favoraUe  cnirent  in  that  case  where  the  speed 
of  R  ship  is  reclcooed  from  its  advance  from  the  port  of 
departure.  The  log  does  not  show  the  ship's  speed  in 
relation  to  the  wake,  bat  in  relation  to  a  fixed  point  in  the 
water  clear  of  the  wake  (the  port  of  departure  in  case  of  the 
paddle-wheel  steamer  mentioned  in  Art.  11),  and  hence 
shows  a  higiier  speed  in  relation  to  the  water  in  which  the 
propelling  instrument  works  than  reaU;  exists.  Conse- 
qnently,  when  the  propelline  instrument  works  in  water 
having  a  hiKb  forward  velocity,  a  neglect  to  take  this  for- 
ward velocityi  or  wake,  into  account  may  result  in  an 
extremely  small  or  even  negative  tqipaient  slip. 

18.  The  apparent  slip  can  be  reduced,  or  even  made 
negative,  by  a  wind  helping  the  vessel  along;.  Thus,  if  a 
vessel  advances  15  miles  per  hour,  as  shown  by  the  log, 
which  means  in  relation  to  a  fixed  point  uf  the  water  clear 
of  the  wake,  of  which  speed  18i  miles  per  hour  is  due  to  the 
propelling  instrument  and  1)  miles  per  hour  due  to  the  wind, 
and  if  the  propelling  instrument  projects  a  stream  at  the  rate 
of  14i  miles  per  hour,  the  apparent  slip  is  Hi  —  15  =  —  i, 
that  is,  negative.  Taking  into  consideration  the  speed  pro> 
duced  by  the  wind,  however,  the  apparent  slip  would  be 
141  -  (15  -  li)  =  1  mile  per  hour. 

14.  When  a  calculation  for  apparent  slip — where  the 
ship's  velocity  is  taken  in  relation  to  the  water  through 
which  it  advances,  that  is,  from  a  fixed  point  clear  of  the 
wake — shows  an  extremely  small  apparent  slip,  or  even  a 
negative  slip,  it  proves  usually  that  one  or  both  of  two  con- 
ditions exist.  These  are  an  abnormally  high  wake  velocity, 
and  an  increase  in  the  speed  of  the  ship  by  the  action  of  a 
favorable  wind.  An  aboormally  high  apparent  slip  denotes 
that  the  propelling  instrument  is  unsuitable  for  the  condi- 
tions under  which  the  vessel  is  propelled  at  the  time  for 
which  the  calculation  was  made;  if  the  apparent  slip  has 
become  abnormally    high  in  comparison    to  that  usually 
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existing,  it  tends  to  show  that  the  resistance  of  the  ship  has 
been  increased  in  some  manner,  as  by  a  head-wind  or  bead- 
sea  or  by  a  foul  bottom,  or  that  the  efficiency  of  the  pro- 
pelling instrument  has  suddenly  been  decreased,  as  by  the 
breaking  of  one  or  more  blades  of  a  screw  propeller. 

15.  Negative  apparent  slip  is  often  found  in  stem- 
wheel  steamers  and  in  screw  steamers  having  a  blunt  stem. 
Negative  slip  due  to  a  high  wake  velocity  is  not  observed 
in  side-wheel  steamers,  as  the  paddle  wheels  are  located 
clear  of  the  wake;  these  steamers  can  show  a  negative  slip 
due  to  a  favorable  current  or  wind  action,  however.  The 
former,  as  is  also  the  case  with  stern-wheel  and  screw 
steamers,  can  occur  when  the  speed  of  the  ship  is  taken  in 
reference  to  a  fixed  point  of  the  ground  instead  of  in  refer- 
ence to  the  water  in  which  the  ship  floats,  as  it  should  be; 
a  negative  apparent  slip  can  also  occur  when  the  speed  of 
the  ship  is  properly  taken  in  reference  to  the  wkter  in  which 
it  floats,  but  no  allowance  is  made  for  the  increase  of  speed 
due  to  the  wind.  The  same  remarks  also  apply  to  an 
abnormally  low  apparent  slip. 

16.  The  existence  of  negative  apparent  slip,  when 
traced  to  a  high  wake  velocity,  shows  a  poor  efficiency  of 
propulsion  for  the  existing  conditions,  as  measured  by  the 
horsepower  developed  for  the  speed.  The  fitting  of  a  pro- 
pelling instrument  giving  a  positive  apparent  slip  will  gen- 
erally greatly  improve  the  efficiency  of  propulsion. 

17.  Rules  for  Slip. — It  is  customary  to  express  slip 
in  per  cent,  of  the  velocity  of  the  stream  projected  by  the 
propelling  instrument.  This  may  be  done  by  the  following 
rules; 

Rule  I. — To  find  the  true  sUPy  from  the  velocity  of  the  stream 
Projected  by  the  propelling  instrument  subtract  the  velocity  with 
which  the  ivater  is  fed  to  the  Propelling  instrument ^  both  velocities 
being  expressed  in  any  convenient,  but  the  same,  measure  of  time 
and  distance.  Divide  the  differetice  by  the  velocity  of  the  stream 
projected  by  the  propelling  instrument. 
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S,  =  true  slip  ia  per  wnt.,  expressed  decimally: 

V  =  velocity  of  streaip  projecled  by  propelling  instru- 

ment,  in  relation  to  vessel; 
y^  =  velocity  of  water  fed  to  propelling  instrument; 
ttaat  Is,  speed  of  vessel  in  relation  to  the  sor- 
roohdins  water  diminished  by  the  wake  veloc- 
ity at  the  poidt  where  ihe  propelling  instru- 
mest  is  located,  for  a  vessel  under  way. 
EXAUFLS  1.— Plod  th*  trtic  klip  wlieti  the  speed  oE  tbe  vessel,  by  tlia 
log,  is  \2  miles  per  hoar;  tlw  wak*  velocity  3  miles  per  hour;  and  Um 
stream  is  proiectw)  by  the  propellins  instrumeat  at  13  miles  per  hoar. 
Solution.— Applying  rale  I, 


18  -  (la  -  8) 
13 


.3077  =  30.77  per  cent.    Ans. 


Or, 


y-  V. 


Rule  II. — To  find  tkt  a^Artnt  slip  in  reUrence  to  the  skip's 
motion  through  the  water,  from  the  velocity  o/  the  stream  Pro- 
jfcted  by  the  prfpeUtHg  ins/rutmeKl  sublrari  the  speed  of  Ihe  x-esset 
in  yclaiion  to  the  water.  Divide  Ihe  liiffereriee  by  the  velocity  of 
the  stream  projected  by  the  propelling  instmmenl.  The  velocities 
may  be  expressed  in  any  convenient  measure  of  time  and  distatux, 
but  the  same  measure  must  be  used  for  both. 


where   S,  =  apparent  slip  in  reference  to  the  ship's  motion 
through  the  water,  expressed  decimally  and 
in  per  cent; 
V   =  velocity  of  stream  projected  by  the  propelling 

instrument; 
V,  =  speed  of  vessel  in  relation   to   the  water,   as 
shown  by  the  log. 
Example  2.— Find  the  apparent  slip  for  the  vessel  in  example  1. 
Solution.— Applying  rule  II. 

S.  =  — ^—  =  -0769  =  7.60  per  cent.    Ans. 

18.     Apparent  slip  when  calculated  properly,  that  is,  io 
reference  to  a  fixed  point  of  the  water  clear  of  the  wakei 
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is  a  measure  of  the  efficiency  of  propulsion  of  that  vessel 
when  considered  in  conjunction  with  the  true  slip.  It  should 
never  be  construed  to  be  a  measure  of  the  efficiency  of  pro- 
pulsion if  considered  only  by  itself.  Experience  has  shown 
that  a  very  low  apparent  slip  by  itself  may  be  an  indication 
of  poor  efficiency;  in  that  case,  it  will  be  combined  with  a 
high  true  slip.  A  low  apparent  slip  coupled  with  a  low  true 
slip,  however,  indicates  a  high  efficiency,  while  a  high  appa- 
rent slip  and  high  true  slip  indicate  a  poor  efficiency  for  the 
existing  conditions.  Likewise,  a  high  apparent  slip  and  a 
low  true  slip  indicate  a  poor  efficiency  of  propulsion  for  the 
existing  conditions.  This  fact  is  illustrated  by  considering 
a  vessel  moored  to  the  dock,  with  the  engine  working  ahead. 
As  the  vessel  does  not  advance  at  all,  the  apparent  slip  is 
100  per  cent.;  the  true  slip,  as  measured  by  the^ifference  in 
velocity  of  the  stream  projected  by  the  propeller  and  the 
speed  of  the  water  fed  to  it,  may  be  extremely  low,  say  1  per 
cent.  Then,  for  this  case,  the  efficiency  of  propulsion,  if  per- 
fection is  taken  as  1,  is  1  —  1  =  0;  while  the  efficiency  of 
the  propeller  is  1  —  .01  =  .99. 

19.  It  is  customary  among  writers  on  marine  propulsion 
to  refer  to  apparent  slip  simply  as  slip;  when  the  true  slip 
is  meant,  it  is  usual  to  qualify  the  term  slip  by  prefixing  the 
word  true  or  real,  that  is,  to  call  it  distinctly  the  true  slip  or 
the  real  slip. 

PADDIiE    WHEEIiS 


DEFINITIONS 

20.  The  paddle  wheel,  in  its  simplest  form,  consists 
of  two  rings,  concentric  with  the  axis  of  the  shaft  and  lying 
in  planes  perpendicular  to  it,  that  are  secured,  by  arms,  to  a 
hub  keyed  to  the  shaft.  At  the  outer  edges  of  the  rings, 
and  placed  between  them,  are  the  buckets  (sometimes  called 
floats),  which  are  either  flat  wooden  boards,  generally  elm, 
or  iron  plates;  they  are  situated  at  equal  distances  apart,  in 
planes  passmg    through  the  axis  of   the  shaft.     A  paddle 
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wheel  with  the  buckets  placed  thus  is  known  as  a  radial 
wheel.  The  wheel,  or  wheels,  is  attached  to  the  vessel  in 
such  a  position  that  the  lower  part  is  immersed  in  water  to  a 
certain  depth,  which  is  usually  spoken  of  as  the  dip  of  the 
wheel.  The  vertical  distance  from  the  inner  edge  of  the 
buckets  to  the  surface  of  the  water,  is  called  the  immersion 
of  tlie  buckets.  

SLIP  OF  PADDL.E  WHEEL. 

21.  In  order  to  find  the  velocity  at  which  a  stream  of 
water  is  projected  by  a  paddle  wheel,  it  is  necessary  to  first 
find  that  point  of  the  wheel  at  which  its  whole  action  on  the 
water  may  be  assumed  to  be  concentrated.  This  point  is 
known  as  the  center  of  pressure,  often  called  the  center 
of  action  0%  the  wheel;  and  twice  the  distance  of  this  point 
from  the  outer  edg:e  of  the  buckets  subtracted  from  the  diam- 
eter of  the  wheel  (the  diameter  to  be  measured  from  outer 
edge  to  outer  edge  of  buckets)  constitutes  the  effective 
diameter  of  the  wheel. 

The  effective  diameter  may  be  determined  approximately 
by  the  following  rule: 

Rule. — Multiply   one-third  the  mean    depth   of   the  buckets 

wholly  iynmersed  by  the  innnber  of  buckets  so  immersed.  To  this 
product,  add  the  product  of  o^ie-third  the  meaji  depth  of  the  buckets 
partly  immersed  a7id  their  Jiumber,  Divide  the  sum  of  the 
two  products  by  the  number  of  the  buckets  partly  arid  wholly 
immersed.  The  quotient  will  be  the  distance  of  the  center  ot 
pressure  from  the  outer  ed^e  of  the  buckets.  The  effective  diam- 
eter can  then  be  found  by  subtracting  tivice  the  distance  of  the 
center  of  pressure  from  the  outer  edge  of  the  buckets  from  the  out- 
side diameter  of  the  ivheel. 

where    P  =  distance  of  center  of  pressure  from  outer  edge 

of  buckets,  in  inches; 
a  =  mean   depth  of  buckets    wholly    immersed,    in 
inches; 
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b  =  number  of  buckets  wholly  immersed;  , 

c  =  mean   depth   of   buckets,  partly  immersed,  in 

inches; 
d  =  number  of  buckets  partly  immersed; 
D  =  diameter  of  wheel,  measured  over  outer  edge  of 

buckets; 
Dt  =  effective  diameter. 

'  To  find  the  mean  depth  of  the  buckets,  and  also  the  num- 
ber of  buckets  wholly  and  partly  immersed,  draw  the 
wheel  to  any  convenient  scale,  taking:  care  to  draw  the  buckets 
in  their  true  positions.  Also,  draw  a  line  representing  the 
surface  of  the  water,  at  a  distance  from  the  outer  edge  of  the 
lowest  bucket  equal  to  the  dip.  Then  the  number  of  buckets 
wholly  and  partly  immersed  will  be  seen  at  a  glance.  To 
find  the  mean  depth  of  the  buckets,  measure  the  depth  of 
each  bucket  wholly  immersed  (not  the  depth  to  which  each 
bucket  is  immersed)  to  the  same  scale  the  wheel  was  drawn, 
and  perpendicular  to  the  surface  of  the  water.  Add  the 
depths  of  the  different  buckets  together,  and  divide  the  sum 
by  the  number  of  buckets  wholly  immersed.  For  those 
partly  immersed,  which  hardly  ever  will  be  more  than  two, 
measure  the  perpendicular  distance  between  the  lower  edge 
of  the  bucket  and  the  surface  of  the  water.  Add  the  dis- 
tances together,  and  divide  by  the  number  of  buckets. 

Example.— A  paddle  wheel  36  feet  in  diameter  has,  at  a  certain 
dip,  seven  buckets  of  a  mean  depth  of  24  inches  wholly  immersed, 
and  one  bucket  immersed  to  a  depth  of  15  inches;  find  the  efifective 
diameter  of  the  wheel. 

Solution. — Applying  the  rule, 

A  =  36  X  12  -  2  X  ^^,ltl^,^^  =  416.75  in.    Ans. 

Having  determined  the  effective  diameter,  to  determine 
the  theoretical  velocity  of  the  stream  projected  by  the  wheel, 
find  the  velocity  of  a  point  on  the  circle  having  a  diameter 
equal  to  the  effective  diameter  of  the  wheel,  expressing  its 
velocity  in  the  same  terms  in  which  the  speed  of  the  vessel 
is  expressed.  For  example,  taking  the  wheel  in  the  above 
example,  its  circumference  will  be  3.1416  X  416.75  =  1,309.26 


PROPULSION  OP  VESSELS 


§19 


feet  per  second,  - 


:  86.37  feet.     This  is,  theo- 


inches.     Astatolag  the  rerolntioni  to  be  20  per  minute,  the 
speed  of  a  point  OD  the  effective  diameter  circle  will  be.  in 

i.809.a6  X  ao 

12x60 

retically.  ilie  velocltr  o(  the  Stream  projected  by  the  wheel; 
itiE  the  velocity  of  the   vessel,  the  slip  may  be 
found  by  rule  -I  or  role  IL  Art.  l7. 

RASIAt.   PADDLB    WilEEI' 

28>     In    Fig.   1,  a  radial  paddle  wheel   is  shown   id 

diagrammatic  form,  where  '^  represents  the  shaft;  S,S„S„ 


etc.  represent  the  buckets.     Assume  the  wheel  to  revolve 
in  the  direction  of  the  arrow  x;   also,  assume  the  line  CD  to 
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represent  the  surface  of  the  water.  Then,  the  direction  in 
which  the  vessel  moves,  which  is  evidently  parallel  to  the 
surface  of  the  water,  is  shown  by  the  arrow  d.  It  will  be 
seen  that  the  bucket  ^„  just  entering  the  water,  enters  at  an 
angle,  shown  by  the  arc  a,  with  the  surface.  This  angle  is 
known  as  the  ang^Ie  of  incidence.  The  effect  of  this  is 
that  the  bucket,  instead  of  driving  a  body  of  water  straight 
astern,  drives  it  in  a  direction  perpendicular  to  the  surface 
of  the  bucket,  as  indicated  by  the  arrow  c\  in  other  words, 
the  bucket  depresses  the  water.  The  power  consumed  in 
depressing  the  water  is  wasted.  Evidently,  the  stream  of 
water  projected  by  the  propelling  instrument  will  have  the 
maximum  propelling  effect  if  projected  straight  astern,  in  a 
direction  parallel  to  the  surface  of  the  water.  This  is  proved 
by  the  following  simple  experiment:  Place  some  heavy 
weight,  weighing,  say,  about  100  pounds,  on  the  floor.  Try 
to  slide  it  along  the  floor  by  pushing  against  the  end  of  a 
board  placed  against  the  weight,  and  held  at  an  angle  of 
about  45°  with  the  floor.  The  chances  are  that  it  will  not 
be  possible  to  move  it.  Depress  that  end  of  the  board 
against  which  the  push  is  exerted,  and  push  just  as  hard  as 
in  the  first  place.  It  will  now  be  found  possible  to  move 
the  weight,  and  it  will  also  be  found  that  the  more  the  free 
end  of  the  board  is  depressed,  the  less  will  be  the  power 
required  to  move  the  weight.  This  proves  that  the  nearei 
the  direction  of  a  force  is  to  the  direction  in  which  a  weight 
(as  the  vessel)  is  to  be  moved,  the  less  will  be  the  amount 
of  power  required.  From  this,  it  follows  that  the  nearer 
the  angle  of  incidence  is  to  90°,  the  more  efficiently  will  the 
power  be  applied.  By  reference  to  Fig.  1,  it  will  be  seen 
that  it  is  not  alone  through  the  action  of  the  bucket  B^  that 
power  is  lost,  but  also  that  a  further  loss  of  power  is  due 
to  the  oblique  action  of  the  buckets  B^  and  ^,.  The  only 
bucket  that  is  acting  at  its  maximum  efficiency  is  B^y  the 
surface  of  which  is  perpendicular  to  the  direction  in  which 
the  vessel  moves.  It  will  be  observed  that  the  buckets  ^„  ^„ 
and  B^  tend  to  elevate  a  body  of  water;  this  causes  a  loss 
of  power  equal  to  that  caused  by  the  action  of  the  buckets 
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B„  B„  and  B,.'  The  anm  of  the  two  losses  is  called  ihe 
iolKOi efUet  due  to  obliqtu  actiom  pf  the  btirkels,  and  is  a  defect 
tas^ltarable  from  the  employment  of  a  radial  paddle  wheel. 
AMOme  the  vessel  to  he  loaded  ontil  the  surface  of  Ihn 
water  is  at  C/)'.  It  will  be  seen  that  the  angle  of  incidence 
k  is  leas  than  it  was  previoosiy;  hence,  more  power  will  be 
useleBsIr  expended.  Prom  the  foreffolag;  explanations,  the 
following  conclusioh  is  drawn:  The  greater  the  dip  of  a 
piddle  wheel,  the  ereater  will  be  the  Ioes  of  power  due  to 
Oidiqne  action  of  die  buckets. 

rSATHSBUra    PAODLB    WHEEI. 

88.  In  order  to  prevent  the  toss  of  power  incidental  to 
Uh  ose  of  radial  buckets,  a  paddle  wheel  in  which,  hy  a 
suitable  mechanism,  the  Imckets  are  forced  to  enter  the 
water  perpendicularly,  or  nearly  so,  is  often  nsed.  Such  a 
wheel,  whidi  is  known  as  a  festberlns  pndrtle  wlit^el,  is 
shown  in  Fig.  2.  The  backets  B,  j9„  .  .  .  S,.  turn  on  pins 
fliced  io  brevets  «  attadied  to  the  arms  A  of  the  wheel;  the^ 
am  free,  to  move  on  axes  parallel  to  the  axis  of  the  sbait. 
To  the  outboard  end  of  each  bucket,  a  lever  L  is  rififidly 
attached;  in  order  to  control  the  buckets,  the  extremity  of 
each  lever  is  connected  to  the  eccentric  strap  F  by  means  of 
a  radius  rod  r,  which  is  pivoted  to  the  strap  as  well  as  to  the 
lever.  An  eccentric  pin  c  is  placed  at  a  distance  d  ahead  of 
the  shaft.  The  eccentric  pin  is  stationary,  but  the  eccentric 
strap  is  free  to  revolve  on  the  pin.  The  pin  is'supported  by 
means  of  the  bracket  E,  which,  in  turn,  is  bolted  to  the  spon- 
son  beam  G.  To  give  motion  to  the  eccentric  strap,  it  is 
attached  to  one  of  the  bucket  levers  by  means  of  the  king- 
rod  H.  The  kingrod,  which  is  rigidly  fastened  to  the 
eccentric  strap,  is  pivoted  to  the  bucket  lever.  As  the  wheel 
revolves,  each  bucket  in  its  turn,  on  entering  the  water, 
assumes  the  position  in  which  the  bucket  B  is  shown,  and,  in 
passing  around  with  the  wheel,  assumes  the  positions  of  the 
buckets  5„  B B,. 

It  will  be  seen  at  a  j;lance  that,  for  wheels  of  equal  diam- 
eter and  equal  dip,  the  angle  of  incidence  is  much  larger 
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with  the  feathering  than  with  the  radial  paddle  wheel.  Hence, 
a  larger  proportion  of  the  power  applie<]  to  the  wheel  is 
expended  in  propelline  the  Teasel. 


BOLUVe    CIBOIrS 

24.  The  circle  concentrio  with  the  paddle  wheel,  any 
point  oti  the  circumference  of  which  has  a  vekicity  equal  to 
the  velocity  of  the  vessel  is  called  the  roUliiK  cli-i-l^'  i>r  ili? 
paddle  wheel.  Its  diameter  maybe  foand  by  the  follow- 
ing rule: 

Kiile. —  To  find  Ihe  diamtter,  in  feet,  ot  the  rolling  cinie  of 
a  Paddle  wheel,  divide  Ike  ditlance  moved  by  the  vessel  in  a 
give}!  time,  in  feet,  by  3,t416  timer  the  number  of  revoluttont  ol 
the  wheel  in  the  same  time. 

Or,  D  -=  „  .  f .  „ 


i 


where  5  =  distance  moved  by  vessel,  in  feet;. 
Ji  =  nujuber  of  revolations  of  wheel; 
D  =  diameter  of  rolling:  circle,  in  feet. 

The  term  rolling  circle  of  the  paddle  wheel  is  an  expression 
of  no  particular  value,  although  considerably  used.  The  true 
and  apparent  slips  may  be  determined  if  the  effective  diam- 
eter and  the  diameter  of  the  rolling  circle  are  known.  The 
difference  in  the  two  diameters,  expressed  in  per  cent,  of  the 
effective  diameter,  will  be  the  percentage  of  true  or  apparent 
slip,  and  will  be  found  to  be  the  same,  all  data  remaining  the 
same,  as  that  found  by  the  rules  given  in  Art,  17. 

EXAMPLR. — A  vessel  advances  1.570.8  feet  in  1  minute,  as  shown  by 
the  log,  durinR  which  time  the  paddle  wheels  make  25  revolutions;  il 
the  effective  diameter  ol  the  wheels  is  25  feet,  what  is  the  percentage 

Solution. — Applying  the  rule  eiven  in  this  article, 

0=    A?™."..  =  20  ft 
3.H16X25  ' 

the    diameter  of   the   rolling  circle.     The   difference   in   diametere   is 

25  —  20  =  5  ft.;  and  this,  in  per  cent,  of  the  effective  diameter  eqaals 

A  =  .2  =  20  per  cent.,  the  apparent  slip,    Ans. 
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The   velocity   of   the   stream    projected    by  the   wheels   is   25  X  25 
X  3.1416  =  1,963.5  ft.     Substituting  values  in  rule  II,  Art.  17, 

^        1,963.5  -  1.570.8        „      on  *     *u  k 

5.  =  -—    -TTj;^ SB  .2  =»  20  per  cent.,  the  same  as  above. 

l,9t>O.0 
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25.  Diameter. — The  effective  diameter  of  a  paddle 
wheel  is  found  by  the  rule  below.  In  order  to  apply  this 
rule,  an  apparent  slip  has  to  be  assumed,  and  the  velocity  of 
the  ship  in  relation  to  the  water  it  floats  in,  as  well  as  the 
number  of  revolutions,  has  to  be  known.  The  apparent  slip 
for  a  radial  wheel  varies  from  15  to  30  per  cent.,  the  lower 
value  occurring  with  buckets  of  ample  area,  and  averages 
about  25  per  cent.;  the  apparent  slip  of  a  feathering  paddle 
wheel  averages  15  per  cent. 

Rule. — To  find  the  effective  diatnHer  of  a  paddle  wheel,  in 
feet,  multiply  the  difference  between  1  and  the  percentage  of 
apparent  slip,  expressed  decimally,  by  the  proposed  number  of 
revolutions  per  minute  and  by  3,1416,  Divide  the  speed  of  the 
ship  Per  minute  in  relation  to  the  water  by  this  product, 

where   D^  =  effective  diameter,  in  feet; 
Sa  =  apparent  slip,  in  per  cent.; 
F,  =  velocity  of  ship,  in  feet  per  minute; 
N  =  number  of  revolutions  per  minute. 

Example. — A  vessel  is  to  make  10  statute  miles  per  hour  through 
the  water  when  the  wheels  make  30  revolutions  per  minute;  assuming 
a  slip  of  25  per  cent.,  what  should  be  the  effective  diameter  of  the 
paddle  wheels? 

10  X  5  280 
Solution.—    10  statute  mi.  per  hr.  =  ■ ^- —  =  880  ft.  permin. 

Applying  the  rule  given, 

880 
^'=  (1  -  .2.5)  X  3.1416  X  30  °  ^^•'*^  "•    ^°''- 

26.  Area  and  Number  of  Buckets. — For  radial  and 
feathering  paddle  wheels,  when  the  ship  is  a  side-wheel 
steamer,  Seaton  recommends  that  the  area,  in  square  feet, 
of  one  bucket  and  the  number  be  as  follows: 
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Rule* — To  find  the  area  of  one  bucket  for  the  Paddle  wheels 
of  a  side-wheel  steamer^  divide  the  indicated  horsepower  of  the 
propelling  machinery  by  the  effective  diameter  of  the  wheels  in 
feet.  For  a  radial  paddle  wheels  multiply  the  quotient  by  ,25 
for  slow  boats,  and  by  ,175  for  fast-nmning  light  steamers ^ 
choosing  a  value  between  the  two  given  as  judgment  indicates  it 
should  be  varied.  For  a  feathering  paddle  wheel,  multiply  the 
quotient  by  ,32,  For  a  radial  paddle  wheel  there  should  be  one 
bucket  for  each  foot  of  effective  diameter;  to  find  the  number  of 
buckets  for  a  feathering  paddle  wheel,  add  2  to  the  effective 
diameter,  in  feet,  and  divide  the  sum  by  2, 

Or                                >i  —  L  H.  P,  X  C 
or,       .  A ~ 

n  =  De  for  radial  paddle  wheels 

n  =  —'  ~r     for  feathering  paddle  wheels 
St 

where  A  =  area  of  one  bucket,  in  square  feet; 

L  H.  P  =  indicated  horsepower; 

C  =  a   constant  varying  between   .175   and  .25  for 

radial  wheels,  and  taken  as  .32  for  feathering 

wheels; 

Df  =  effective  diameter,  in  feet; 

71     =  number  of  buckets. 

If  the  side  wheels  are  driven  by  separate  engines,  their 
combined  horsepower  is  to  be  used.  For  a  stem-wheel 
steamer,  the  area  of  the  bucket  may  be  about  twice  that 
given  by  the  rule.  For  side-wheel  steamers,  the  depth  of 
the  buckets  is  usually  made  about  one-fourth  their  width. 

Example. — Find  the  area  of  each  bucket  and  their  number  for  a 
side-wheel  steamer  fitted  with  featherini^^  paddle  wheels  25  feet  in 
effective  diameter,  each  wheel  beinij  driven  by  a  separate  engine  of 
')(X)  indicated  horsepower. 

Solution.— Applyinjj;  the  rule  given, 

25  -f  2 
and  n  =       -        =  18.5  =  14.     Ans. 
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SCREW     PROPEIiliBRS 


DEFINITIONS 

27.  If  a  point  be  caused  to  rotate  at  a  uniform  distance 
from  and  about  an  axis,  and  if  the  point  at  the  same  time  be 
caused  to  advance  at  a  uniform  rate  in  the  direction  of  axis,  its 
path  will  be  a  helix.  If  the  point,  when  moving  away  from  the  , 
observer,  moves  in  the  direction  of  the  hands  of  a  watch,  the 
helix  will  be  right-handed;  if  in  an  opposite  direction,  left- 
haiided.  The  distance  the  point  advances  in  one  complete 
revolution  is  known  as  the  pitch.  If  a  line  passing  through 
the  axis  be  caused  to  rotate  about  the  axis,  and  to  pass  along 
the  path  of  the  point  mentioned  above,  its  path  will  be  the 
surface  of  a  true  screw,  provided  the  angle  that  the  line 
makes  with  the  axis  remains  constant.  From  this,  it  follows 
that  a  true  screw  is  one  in  which  the  advance  of  any  point, 
in  the  direction  of  the  axis,  at  any  distance  from  it,  for 
any  part  of  a  revolution,  but  the  same  in  each  case,  is  the 
same.  By  causing  lines  making  equal  angles  with  each  other 
and  the  axis  to  rotate  about  the  axis  in  a  helical  path,  a 
multiple-threaded  true  screw  will  be  generated,  having  the 
same  pitch  as  a  single-threaded  true  screw  generated  by  a 
line  following  the  same  helical  path. 

28.  Consider  a  four-threaded,  right-handed  screw,  gen- 
erated by  the  lines  OA,  OB,  OC,  and  O D,  Fig.  3.  These 
lines  represent  the  intersections  of  the  four  helical  surfaces 
with  a  plane  E F  perpendicular  to  the  axis.  Assume  the 
helical  surfaces  to  be  cut  by  a  plane,  as  G H,  parallel  to  the 
first  and  intersecting  the  axis  at  another  point.  Then, 
OAA'Cy,  OBB'O',  O  C  C  O',  and  O  D  D'  a  win  be  the  hel- 
ical surfaces  of  the  blades  of  a  four-bladed,  right-handed 
screw  propeller.  If  pieces  of  metal  be  shaped  to  conform 
to  these  helical  surfaces  and  if  these  pieces  of  metal,  which 
are  called  blades,  be  fastened  to  a  hub,  which  in  turn  is 
keyed  to  a  shaft  rotated  by  an  engine,  the  screw  propeller 
in  its  simplest  form  is  obtained.     If  the  screw  propeller  is 
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revolving  in  the  direction  of  the  arrow,  that  portion  of  the 
blade  that  strikes  the  water  first,  which  will  be  near  the  plane 
f///,  is  known  as  Ihe  antci-lor  portion  of  the  blade;  and 
the  portion  that  is  near  the  plane  F.  F,  as  the  iwsterlor 
portion.  That  part  of  the  blade  that  is  near  the  periphery 
A  A'  is  known  as  the  tip.  In  practice,  screw  propellers  are 
hardly  ever  made  of  the  shape  shown  in  Fig-  3.  Generally 
the  anterior  portion  of  the  blade  is  rounded  off  toward  the 


tip,  as  shown  by  the  dotted  line  on  the  blade  OAA'Cy. 
The  posterior  portion  Is  also  slightly  rounded.  Very  often 
part  of  the  anterior  portion  near  the  hub  is  also  cut  away. 

29.  Sometimes  the  surfaces  of  the  blades  are  not  truly 
helical;  as  usually  found,  the  pitch  near  the  tip  is  greater 
than  the  pitch  near  the  hub.  Such  a  propeller  is  said  to 
have  a  radially  expanded  pitch.  The  reason  for  constructing 
the  blade  in  this  manner  is  this:  Since  the  part  of  the  blade 
near  the  hub  strikes  the  water  at  nearly  a  right  angle,  it  acts 
chiefly   to  churn   the  water,   and   since  the   watefnear  the 
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periphery  is  thereby  disturbed,  the  tip  of  the  blade  acts  on 
water  in  motion.  By  increasing  the  pitch  at  the  tip,  it  is 
supposed  that  the  resistance  at  all  parts  of  the  blade  is  more 
nearly  equalized. 

The  blades  are  sometimes  constructed  in  such  a  manner 
that  the  anterior  portion  of  the  blade  has  a  finer  pitch  than 
the  posterior  portion.  Such  a  blade  is  said  to  have  an 
expanding  or  axial ly  expanded  pitch.  The  object  to  be 
attained  by  it  is  as  follows:  The  anterior  portion  of  the 
blade,  striking  on  water  at  rest  and  encountering  the  resist- 
ance due  to  a  solid  body  moving  through  water  at  rest, 
sets  the  water  in  motion,  driving  it  astern.  Therefore, 
the  posterior  portion  acts  on  water  in  motion.  By  expand- 
ing the  pitch  to  the  same  extent,  further  motion  is  given  to 
the  water  by  the  posterior  portion,  and  it  is  supposed  that  the 
resistance  at  all  parts  of  the  blade  is  thereby  equalized,  the 
same  as  with  radially  expanded  pitch  blades. 

From  the  explanations  given  it  follows  that,  while  radially 
expanded  pitch  blades  are  supposed  to  equalize  the  resistance 
at  different  parts  of  the  blade  at  varying  distances  from  the 
axis,  expanding  pitch  blades  are  supposed  to  equalize  the 
resistance  at  different  parts  of  the  blade  at  the  same  distance 
from  the  axis. 

Neither  radially  expanded  nor  expanding  pitch  screw 
propellers  seem  to  have  met  with  the  success  claimed  for 
them  by  their  advocates,  and,  although  at  one  time  they 
obtained  great  favor,  at  present  most  vessels  are  fitted  with 
propellers  having  blades  forming  helical  surfaces. 

•30.  The  actual  area  of  the  surface  on  the  driving  side  of 
a  propeller  blade  is  known  by  various  names,  as  the  developed 
blade  area^  the  helicoidal  blade  area^  or  simply  the  blade  area. 
When  referring  to  the  total  blade  area,  it  is  usually  spoken 
of  as  the  developed  propeller  area,  the  helicoidal  propeller  area^ 
or  simply,  the  propeller  area.  The  area  of  a  blade  projected 
on  a  plane  at  right  angles  to  the  propellor  shaft  is  called  its 
projected  area;  the  projected  area  of  all  the  blades  is  the  pro- 
jected propeller  area.     The  area  of  the  circle  described  by  the 
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tips  of  the  blades  is  the  disk  area  of  the  propeller.  The 
pitch  ralio  is  the  ratio  of  the  pitch  of  the  propeller  to  its 
diameter;  it  is  usually  expressed  by  giving  its  valvie;  that  is. 
the  qnotient  obtained  by  dividing  the  pitch  by  the  diameler. 


31. 


MEASUltEMENT    OF    PITCII 

s  Stated  in  Art.  27.  the  distance  that  a  point  r 


ing  in  a  helical  path  advances  in  the  direction  of  the  a 
one  complete  revolution  is  the  pitch.  Since  the  screw  pro- 
peller blade,  however,  contains  but  a  small  portion  of  the 
line  generated  by  a  point  moving  in  a  helical  path  when  the 
shaft  makes  one  revolution,  the  pitch  must  be  calculated  by 
first  finding  the  distance  that  a  point,  at  a  uniform  distance 


from  the  axis,  advances  for  that  part  of  a  helix  that  can  be 
represented  on  the  propeller  blade;  by  the  rules  of  propor- 
tion, the  distance  that  a  point  would  advance  if  the  helical  sur- 
face were  continuous  can  then  be  found.  In  practice,  the 
pitch  of  a  propeller  may  be  found  quite  closely  in  the  manner 
illustrated  in  Fig,  4.     Take  a  piece  of  joist  or  lath  D,  which 


§19  PROPULSION  OF  VESSELS  25 

should  be  as  straight  as  possible,  and  place  it  so  as  to  touch 
one  of  the  blades  at  any  distance,  as  by  from  the  axis  A  By 
taking  care  to  hold  it  parallel  to  the  axis.  Next  take  a 
carpenter's  square,  shown  at  /f,  and  place  it  on  the  lath  and 
against  the  blade,  so  that  the  point  at  which  the  square  touches 
the  blade  will  be  the  same  distance  from  the  axis  as  is  the 
lath.  Measure  the  distances  a,  ^,  and  c\  a  being  the  distance 
from  the  square  to  the  point  at  which  the  lath  touches  the 
blade,  and  c  the  distance  from  the  point  at  which  the  square 
touches  the  blade  to  the  lath.  The  distances  a  and  c  may  be 
obtained  in  a  different  manner,  if  considered  more  convenient, 
thus:  Place  the  screw  propeller  so  that  one  blade  is  horizon- 
tal. To  a  piece  of  string  about  10  feet,  or  more,  in  length 
tie  two  nuts;  place  the  string  over  the  blade,  with  the  nuts 
hanging  down,  at  the  distance  from  the  shaft  axis  at  which  it 
is  desired  to  find  the  pitch,  taking  care  to  so  place  the  string 
that  both  parts  hanging  down  are  the  same  distance  from 
the  axis.  The  distance  the  two  parts  are  apart  is  the  dis- 
tance a.  Fig.  4.  To  find  c,  hold  a  lath  against  the  blade  and 
both  vertical  parts  of  the  string;  while  holding  the  lath 
parallel  to  the  shaft  axis  the  distance  c  can  be  measured. 

In  a  third  method,  which  is  a  favorite  with  English  marine 
engineers,  the  distance  a  is  found  by  measuring  with  a  lath 
from  the  after  face  of  the  stern  post,  or  bracket,  or  using  a 
string  with  two  nuts.  The  width  of  the  face  of  the  blade,  at 
the  points  the  distance  a  was  taken,  is  then  measured,  and  the 
distance  c  is  calculated  by  extracting  the  square  root  of  the  dif- 
ference between  the  square  of  the  width  of  the  face  of  the 
blade  and  the  square  of  the  depth  of  the  blade  (the  distance  a, 
Fig.  4).  Since,  in  the  first  and  second  methods  given,  the  dis- 
tance c  is  measured  directly,  these  methods  are  preferable. 

Having  obtained  the  three  measurements  required,  the  pitch 
may  be  found  very  closely  from  the  following  proportion: 
c  :  circumference  of  circle  having  radius  b  =  a  :  pitch 

whence,  pitch  =   "^^^^^  ^yhere  2;r  =  2x3.1416  =  6.2832. 

c 

The  directions  given  for  finding  the  pitch  may  be  stated  in 

the  form  of  a  rule,  thus: 
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Bnle.~r<r  tmi  tke  piUk  ct  c  given  scream  propeller,  al  a\ 
given  Jis/ance  from  tke  center  «/  /jlc  iknlt,  measure  the  depth  of  I 
'  tke  Hade  ai  thai  tHttanee  and  parallel  to  the  shall;  measurt 
wUUk  «t  the  blade  ai  fight  angles  to  the  shaft  and  at  the  same  I 
dittance.  MulHplr  the  d^h  at  Ike  bla.te  by  the  Mslanee  from  J 
tie  center  of  the  tkait  and  by  6.2832.-  divide  the  product  by  (he\ 
width  ef  the  blade.    All  diwunsiens  are  to  be  iakefi  in  ineha.  \ 

Or,  /._«J«^*^ 

e 

where  P  -m  pitch  of  screw  propel  ler; 
a  •=  depth  of  Uade; 
■b  «  distance  from  oeatet  of  sbaft  where  width  andj 

depth  of  blade  is  measured; 
e  <■  width  of  blade. 
KSAMKJt.— 'If  ft  wertm  pnprtler.  blade  6  feet  from  the  center  of  the 
■baft  ia  22  inchea  deep  and  41  inclwi  ia  width,  at  tight  angles  to  the 
Shalt,  what  la  the  pitch? 

Soumox.— Applyltig;  themla  glveii.  ^^^^_ 

_      «  X  «  X  12  X  6.8832  ^^^| 

^~  41      ■ =  213/^6  m.  ^^^ 

Or,  "^™  -  20  ft.  2.746  in.    Ana. 

32.  In  practice,  it  is  advisable  to  take  the  measare- 
ments  a  and  c.  Pig.  4,  at  three  or  four  distances  from  the 
axis,  and  calculate  the  pitch  separately  for  each  set  of 
measurements.  If  the  calcalated  pitches  a^ree  within  a 
small  percentage  of  error,  the  propeller  will  be  either  a  true 
screw  or  one  having  expanding  pitch  blades.  If  the  differ- 
ence in  the  calculated  pitches  be  considerable,  it  will  show 
the  propeller  to  be  of  radially  expanded  pitch;  in  that  case, 
add  the  pitches  together  and  divide  by  the  number  of  them 
to  obtain  the  mean  or  average  pitch. 

To  find  whether  a  propeller  is  constructed  with  expandine 
pitch  or  as  a  true  screw,  proceed  as  follows:  Let  Fig.  5  be 
a  section  through  the  blade  at  any  convenient  distance  from 
the  axis;  the  full  lines  show  the  outline  of  an  expanding 
pitch  blade,  the  dotted  lines  the  outline  of  a  blade  fonning 
part  of  a  true  screw. 
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AsitJtf. 


Pig.  5 

In  Fig.  5,  which  is  the 


Measure  the  distances  a  and  b  on  the  posterior  portion, 
and  the  distances  c  and  d  on  the  anterior  portion;  also  the 
distance  from  the  axis  at  which  the  measurements  are  taken. 
Calculate  the  pitches  for  the  anterior  and  posterior  portions 
separately.  If  the  pitches  ag^ree  very  closely,  say  within  an 
error  of  1  per  cent.,  the  blade  is 
part  of  a  true  screw;  if  otherwise, 
the  screw  has  an  expanding:  pitch. 
If  found  to  be  the  latter,  add  the 
two  together  and  divide  by  2  to 
get  the  mean  pitch.  If  greater 
accuracy  is  required,  the  pitch  may 
be  calculated  for  any  convenient 
number  of  portions  of  the  blade, 
and  the  mean  pitch  found  as  above. 

The  measurements  for  pitch 
should  always  be  taken  on  the  side 
of  the  blade  that  strikes  the  water 
when  propelling  the  vessel  ahead, 
blade  of  a  right-handed  propeller,  the  surface  e  is  the  proper 
one  on  which  to  make  the  measurements. 

The  directions  given  may,  in  other  words,  be  stated  as 
follows: 

To  determine  whether  a  screw  propeller  is  a  true  screw, 
two  or  more  measurements  of  the  pitch  should  be  taken  on 
different  parts  of  the  blade  at  the  same  distance  from  the  axis. 
Another  set  of  measurements  should  be  taken  at  some  other 
distance  from  the  axis.  If  the  pitches  calculated  from  these 
measurements  agree  closely,  the  propeller  is  a  true  screw. 

To  determine  whether  the  pitch  of  the  screw  is  radially 
expanded,  calculate  the  pitch  at  two  or  more  distances  from 
the  axis;  if  the  pitch  increases  toward  the  tip  of  the  blade, 
the  screw  propeller  is  of  radially  expanded  pitch. 

*To  determine  whether  the  screw  has  an  expanding  pitch, 
the  pitch  must  be  calculated  for  the  anterior  and  posterior 
portions  of  the  blade.  The  pitch  for  the  posterior  portion 
should  be  the  coarser;  and,  if  calculated  for  any  distance 
from  the  axis,  the  pitches  of  the  anterior  portion,  as  well 


^ 
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as  tiiose  of  the  posterior  portion  of  the  blade,  should  agree, 
provided  that  the  axial  measurements  are  taken  in  the  same 
planes  passing  through  the  axis. 

33.  Screw  propellers,  the  blades  of  which  form  practically 
no  screw  at  all,  are  sometimes  found.  To  determine  their 
pitch,  a  set  of  measurements  should  be  taken  at  equidistant 
intervals  from  the  axis,  both  for  the  anterior  and  posterior 
portions  of  the  blade;  the  pitches  calculated  are  added 
toeelher,  and  the  sum  divided  by  the  number  of  pitches  in 
order  to  find  the  mean  pitch. 

In  measuring  a  screw  propeller  for  the  pitch,  it  is  well  to 
remember  thai  it  h  only  necessary  to  measure  one  blade, 
no  matter  what  the  number  of  blades  may  be. 

SLIP    or    SCREW     PRUPRLLER 

34.  The  blades  of  a  screw  propeller  drive  a  stream  of 
water  astern  by  their  oblique  action  on  the  water  when  the 
instrument  is  revolved.  The  velocity  of  the  stream  thus 
projected  is  taken  as  that  found  by  multiplying  the  pitch,  in 
feet,  by  the  number  of  revolutions  in  a  given  time.  If  the 
speed  of  the  vessel  in  relation  to  the  surroundinsf  water  clear 
of  the  wake  be  known,  the  apparent  slip  is  calculated  by 
rule  II,  Art.  17.  The  true  slip  is  calculated  by  rule  I, 
Art.  17.  The  apparent  slip  of  a  screw  propeller  will 
average  about  10  per  cent,,  except  in  freight  steamers  run- 
ning at  low  speed  and  having  a  full  under-water  body,  where 
the  slip  usually  averages  about  5  per  cent. 

SIZE    or    SCREW    PROPELLER 

35.  Pitch. — The  pitch  required  for  a  screw  propeller  is 

found  by  the  following  rule: 

Rule. —  Ta  lind  the  pitch  of  a  proposed  screw  propeller,  in  feet, 
subtract  the  percentage  of  apparent  slip,  expressed  decimally,  from 
t  and  multiply  the  remaimkr  by  the  number  of  revolutions  per 
minute.  Divide  the  desired  speed  of  the  vessel,  in  reference  to  the 
water  flear  of  the  wake,  in  feet  per  minute,  by  this  product. 
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Or  Z'  =  — 

(1  -  S.)N 

where  P  =  pitch,  in  feet; 

F,  =  speed  of  ship,  in  feet  per  minute,  shown  by  log; 

Sa  =  apparent  slip,  in  per  cent.,  expressed  decimally; 

N  =  revolutions  per  minute. 

Example.— Find  the  pitch  for  a  vessel  to  make  12  knots*  at  60  revo- 
lutions with  10  per  cent.  slip. 

12  X  6  080 
Solution.—    12  knots  =  ^ —  =  1,216  ft.  permin.    Applying 

the  rule  given, 

p  =  (1  -'i)x6o ~ ^'^ ^'' °®*'^y-  ''^°^' 

36.  Diameter. — For  the  diameter  of  a  screw  propeller, 
Seaton  gives  the  following  rule: 

Rule. — To  find  the  diameter  of  a  screw  Propeller ^  divide  the 
indicated  horsepower  by  the  cube  of  the  product  of  the  pitchy  in 
feet,  and  the  revolutiofis  per  minute.  Extract  the  square  root  of 
the  guotiefit  afid  multiply  it  by  a  constant  ranging  from  17,000 
for  slow  freight  steamers  to  25,000  for  fast-runnifig  light 
steamersy  as  torpedo  boats  and  fast  steajn  launches. 


where   D  =  diameter  of  screw  propeller,  in  feet; 
L  H.  P.  =  indicated  horsepower; 

P  =  pitch  of  screw  propeller,  in  feet; 

A^  =  revolutions  per  minute; 

C  =  a  constant  ranging  between  17,000  and  26,000. 

Example. — Find  the  diameter  of  a  screw  propeller  for  a  steam 
launch  with  an  engine  of  10  horsepower,  the  screw  having  a  pitch  of 
4  feet  and  making  200  revolutions  per  minute. 

Solution. — Applying  the  rule  given, 

z?  =  25.000  X  ^y/^5dbT' =  ^-^ '^-   ^°^- 

When  the  rule  gives  a  diameter  that  is  impossible  for  the 
conditions,  either  P  or  A'',  or  both,  must  be  varied.  Making 
either  or  both  of  these   values   larger  will  give  a  smaller 

*A  knot  is  1  nautical  mile  per  hour;  it  is  not  a  distance. 
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diameter  of  screw;  convertelr,  maUns-  cither  or  both  of 
these  valoes  smaller  giv9t  a  larger  diameter  of  screw.  The 
rule  is  intended  for  screw  propellers  frith  four  blades;  if  three 
blades  are  to  be  tued,  the  diameter  should  be  increased  about 
10  per  cent;  and  if  two  blades  are  to  be  used,  about  20  per 


I  in  practice  between 
1.1  and  1.6.  ^«— «««^ 

87.  BlMle  Area. — The  total  actual  blade  area  of  screw 
propellers,  according  to  Prof.  W.  P.  Dorand.  for  four-bladed 
■crew  propellers  is  made  from  86  to  45  per  cent,  of  the  disk 
area.  For  a  three-bladed  screw,  'fiie  total  blade  area  varies 
between  2?  and  88  per  cent  of  the  disk  area:  and  for  two- 
bladed  screws,  between  20  and  26  per  cent,  of  the  disk  area. 
The  Talne  to  be  chosen  shonld  nur  with  the  pitch  ratio, 
nsing  a  low  total  blade  area  for  a  lew  pitch  ratio  and 
inereaaing  the  value  as  the  pitch  ratio  is  made  greater.  The 
tame  anthority  states  that  ordinarily  nothing;  is  to  be  gained 
by  making  titt  total  blade  ana  more  dian  48  per  cent,  of  the 
disk  area. 

38.  Summary. — With  the  present  imperfect  knowledge 
of  the  action  of  screw  propellers,  no  exact  rules  can  be  given 
for  predetermining  the  pitch,  diameter,  and  blade  area,  and 
also,  no  rules  based  on  purely  theoretical  considerations  that 
will  at  the  same  time  conform  with  actual  practice  are  pos- 
sible at  present.  The  rules  given  are  empirical  to  a  large 
extent;  they  are  not  intended  to  supersede  good  judgment 
based  on  actual  experience  with  the  action  of  screw  propel- 
lers, but  will  furnish  a  guide  tending  to  prevent  judgment 
from  going  far  astray.        

EXAMPLES    FOR    PRACTICE 

1.  If  a  vessel  is  desceodiag  a  river  ruDuiDg;  3  miles  per  hour,  and 
at  the  expiralioD  of  12  hours  is  140  nii'..-s  Crom  the  port  pf  departure, 
what  is:  (a)  its  apeetl  in  relation  to  the  port  of  departure?  (ft)  its  speed 
through  the  water?    Eipress  the  speed  in  miles  per  hour. 

Ans  i*"'   "-67  mi.  per  hr. 
*''^-\{d)  8.67  mi.  per  hr. 
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2.  A  screw  propeller  has  a  pitch  of  20  feet  and  makes  70  revolutions 
per  minute  when  it  drives  the  ship  at  the  rate  of  12  knots;  if  the  wake 
velocity  is  2  knots,  what  is:     (a)  the  true  slip?     (d)  the  apparent  slip? 


A«e  /  M  27.62  per  cent.,  nearly 
^°*\  (*)   13.14  per  cent.,  nearly 


3.  Assuming  the  diameter  of  the  rolling;  circle  of  a  paddle  wheel  to 
be  18  feet,  what  is  the  percentage  of  apparent  slip  if  its  effective 
diameter  is  23  feet?  Ans.  21.74  per  cent. 

4.  The  diameter  of  the  rolling  circle  being  20  feet,  and  the  revolu- 
tions 20  per  minute,  what  is  the  speed  of  the  vessel,  in  miles  per  hour, 
counting  5,280  feet  to  the  mile?  Ans.  14.28  mi.  per  hr. 

5.  What  should  be  the  effective  diameter  of  a  stern  wheel  for  a 
vessel  to  make  15  statute  miles  per  hour  at  25  revolutions  per  minute, 
allowing  a  slip  of  20  per  cent.?  Ans.  21  ft. 

6.  What  should  be  the  pitch  of  a  screw  propeller  to  drive  a  ship 
15  knots  at .  80  revolutions  per  minute  with  an  apparent  slip  of 
10  per  cent.?  Ans.  21.1ft. 
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THRUST 


THEORETICAL,    ACTUAL,    AND    INDICATED    THRUST 

39.  A  stream  of  water  projected  from  a  vessel  propels 
the  vessel  by  its  reaction.  According  to  Newton's  third  law 
of  motion,  there  is  always  to  every  action  an  equal  and 
opposite  reaction.  Hence,  if  the  magnitude  of  the  action 
is  calculated,  the  magnitude  of  the  reaction  is  known,  since 
both  are  equal.  The  reaction  of  the  stream  of  water  pro- 
jected from  a  vessel  is  known  as  the  thrust,  and  is  equal 
to  the  force  required  to  project  it.  The  magnitude  of  this 
force,  and,  hence,  of  the  thrust,  may  be  calculated  by  the 
following  rule: 

Kule. — To  find  the  magnitude  of  the  theoretical  thrust ^ 
multiply  together  the  weight  of  the  stream  Projected  from  the 
vessel^  in  Pounds  per  second^  and  its  velocity  hi  regard  to  the 


surrounding  watfr,  in  feet  Per  teevnii,   (hat  is.  the  true  slip. 
Divide  the  product  iy  3i.l6. 

T-  ^^ 
~    g 
-^  weight  of  Stream   projected  from  vessel,  in 

poimds  per  second;   . 
-  its  velocity  in  reeord  to  sorrootidiog  wstor,  ia 

feet  per  second; 
:  acceleration  due  to  gravity,  taken  fts  M.t^ 
:  theoretical  tbnist. 
The  rule  just  given  ia  general;  that  is,  it  may  be  applied 
o  any  case,  whether  the  vessel  is  propelled  by  paddle  wheels, 
/  propeller,  of  a  jet.     The  thrust  found  is  the  tbeorct- 
l<-Hl  tlirusi.     In  practice,  however,  it  cannot  be  calculated 
exactly,  as  only  an  approximation  to  the  actual  weight  of  the 
water  projected  in  1  second,  an^  to  its  velocity  in  re^^ard  to 
the  surrouuding  water,  can  be  obtained.     In  thrust  calcula- 
tions, the  weight  of  ft  cubic  foot  of  sea-watM'  is  taken  as 
'  W.l  pounds,  and  ihe  weight  of  a  cubic  foot  of  fresh  water 
as  62.5  pounds. 

The  actual  thriiBt  is  the  real  measure  of  the  propelling 
force,  and  is  always  equal  to  the  resistance  of  the  vessel, 
in  pounds.  It  cannot  be  calculated,  hut  must  be  found  by 
means  of  an  instrument  commonly  known  as  a  dynamometer. 

ExAMPLK.— A  p.aiidle- wheel  steamer,  fitted  with  wheels  having  an 
effective  diameter  of  ^5  feet,  makes  It!  knots.  If  the  revolutions  per 
minute  are  2t>,  the  width  of  the  buckets  8  feet,  and  their  depth  2  feet, 
what  is  the  theoretical  thrust  in  sea-water? 

Solution. — The  velocity  with  which  the  paddle  wheels  project  the 
stream  is  — "^"5)"" —  '  ~  ^"'  ^''  P'^'"  ^^'^-  The  velocity  of  the  vessel, 
in  (eet  per  second,  taking  the  knot  as  6.080  ft.,  is-^J^  =   27  ft. 


tiOXtiO 

Then,  the  velocity  of  the  stream,  in  relation  to  the  surrounding  water, 
is  114  —  "iT  =  7  ft.  The  cross- sectional  urea  of  tlie  stream  is  equal  to 
the  area  iif  the  buckets;  that  is.  «  x  2  =  111  sq.  ft.,  and  as  there  are  two 
wheels,  and,  hence,  two  streams,  Ihe  total  area  is  2  X  Hi  =  32  sq.  ft. 
As  (he  streams  are  projected  at  a  velocity  of  'M  ft.  per  sec.,  their  com- 
bined cubical  contents  are;{2  X  34  ^  1,088  cu.  ft.,  and  since  the  weight 
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of  1  cu.  ft.  of  sea-water  is  64.1  lb.,  the  combined  weight  of  the  two 
streams  is  1,088  X  04.1  =  69,740.8  lb.    Applying  the  rule  given, 

7^=  — -,^wT7i =  lo, 1/9.9  lb.     Ans. 

«>J.lo 

40.  To  find  the  weight  of  the  stream  projected  by  a  screw 
propeller,  the  diameter  and  pitch  of  screw,  the  diameter  of 
the  hub,  and  the  number  of  revolutions  per  second  must  be 
known.  The  following  example  shows  how,  from  these  data, 
the  theoretical  thrust  may  be  calculated: 

Example. — A  vessel,  fitted  with  a  screw  propeller  14  feet  in  diam- 
eter and  18  feet  pitch,  makes  14  knots  when  the  engine  is  making 
90  revolutions  a  minute.  The  diameter  of  the  hub  is  3  feet.  Find  the 
theoretical  thrust  in  sea-water,  neglecting  the  wake  velocity. 

Solution. — First,  the  cross-sectional  area  of  the  stream  projected 

by  the  propeller  must  be  found.     This  is  assumed  to  be  equal  in  area 

to  the  difference  in  areas  between  two  circles  having  diameters  equal 

to   the  screw  and    hub,   respectively.     The  difference   in  area  =  14" 

X  .7854  -  3«  X  .7854  =  153.938  -  7.069  =  146.869  sq.  ft.     The  velocity  of 

18  X  90 
the  stream,  in  relation  to  the  vessel,  is  — ^ —  =  27  ft.  per  sec.     The 

velocity  of  the  vessel  per  sec.  is   -^^r—^     =  23.64  ft.,  nearly.     Hence, 

the  velocity  of  the  stream,  in  regard  to  the  surrounding  water,  is 
27  —  23.64  =  3.36  ft.  a  sec.  The  weight  of  the  stream  projected  in 
1  sec.  is  27  X  146.869  X  W.l  =  254,186.18  lb.  Applying  the  rule  given 
in  Art.  39, 

T  =  254a^J[8X_3^36  ^  26,556.77 lb.    Ans. 

41.  The  term  indicated  tlirust  may  be  defined  as  the 
measure  of  the  total  force  exerted  by  the  propelling  mecha- 
nism. It  derives  its  name  from  the  fact  that  it  is  calculated 
from  the  indicated  horsepower  of  the  engine.  The  indicated 
thrust  should  not  be  confounded  with  the  actual  thrust;  the 
latter  is  the  value  of  the  net  force  actually  propelling  the 
vessel,  while  the  former  is  the  sum  of  the  net  force  usefully 
applied  to  propelling  the  vessel  and  the  force  lost  in  over- 
coming all  the  frictional  and  other  resistances. 

A  horsepower  is  33,000  pounds  raised  1  foot  in  1  minute. 
The  total  work  done  by  the  engine,  in  foot-pounds  per 
minute,  is  33,000  X  the  indicated  horsepower.     Since  work 
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is  the  product  of  force  and  distance,  the  magnitodto  of  die 
force,  ifiliose  reaction  is  the  indicated  thrust,  may  be  found 
if  the  distance  through  wliich  the  force  acts  in  1  miniitie  is 
known.  This  distance  is  found  by  multiplying  the  {litdi  of 
the  screw  propeller,  in  feet,  by  the  number  of  rerolutioat 
per  minute. 

•  Hole.— To  find  ike  indicaUi  fkrusi  d!  a  serm  prnj^Mfr^ 
divide  SSfiOO  times  ike  indicaUd  kohepawer  of  ikeetigim  Jy  ike 
product  of  thepitck^  m  Ar/,  emd  ike  numUr  of  reveimHotU  ^ttt 
minute* 

PR 

where  H  «  indicated  horsepower  of  engine; 
P  IB  pitch  of  screw  propeller,  in  feet; 
'  R  «B  revolutions  per  minute; 
Ti  s  indicated  thrust 

"^  BzAMPLB.— Find  the  Indicatod  thrnst  when  the  pitdi  is  S2  tot,  and 
the  indicated  horaspower  devdoped  by  the  eagiae,  vHiaa  makhig 
94  levol^tioss,  is  1,084. 

Solution.— Applying  the  rale  gfiven, 

T;- ^^^1^  =  16.600  lb.    An.. 

42.  By  reasoning  similar  to  that  from  which  the  rule  in 
Art.  41  is  deduced,  a  rule  for  finding  the  indicated  thrust  of 
a  paddle  wheel  may  be  obtained.  The  work  done,  as  in  the 
former  case,  is  33,000  X  the  indicated  horsepower.  The. 
distance  through  which  the  force  acts  is  equal  to  the  speed, 
in  feet  per  minute,  of  a  point  on  the  effective  diameter  circle. 

Rule. — To  find  the  indicated  thrust  of  a  Paddle-wheel 
steamer,  divide  SSfiOO  times  the  indicated  horsepower  of  the 
engine  by  the  product  of  3.1416  times  the  effective  diameter  of  the 
wheel,  in  feet,  times  the  number  of  revolutions  Per  minute* 

pv  rp  33,000  H 

'"  3.1416  A/? 

where  D,  is  the  effective  diameter  of  the  paddle  wheel,  in 
feet;  the  other  letters  denote  the  same  values  as  in  the 
formula  given  in  Art.  41. 
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EXAMPLB. — Find  the  indicated  thrust  when  the  effective  diameter 
of  paddle  wheels  is  26  feet  and  the  indicated  horsepower  developed  by 
the  eogtoe,  at  31  revolutions,  is  030. 

Solution. — Applying  the  rale  given, 
^      33,000  X  M 


=  13.120.2  lb.    Ans. 


In  applying  the  rule  just  given,  it  should  be  borne  in  mind 
that  the  total  thrust  is  calculated.  In  case  two  wheels  are 
driven  by  one  engine,  the  thrust  of  each  wheel  is  one-half 
the  calculated  thrust.  In  case  of  each  wheel  having  a  sepa- 
rate engine,  as  in  some  Western-river  steamboats,  the  horse- 
power of  the  engine  driving  the  wheel  should  be  used  to  find 
the  thrust  of  that  wheel.  If  one  wheel  is  driven  by  two 
engines,  as  in  stern-wheel  steamers,  the  combined  horse- 
power of  the  two  engines  should  be  used. 

THRUST    BEARINGS 

43.  The  thrust  of  the  paddle  wheels  is  .taken  by  the 
bearings  in  which  the  paddle-wheel  shaft  is  supporjedt  The 
outboard  bearings  are  usually  bolted  to  a  bracket  securely 
attached  to  the  side  of  the  vessel;  against  these  bearings, 
the  whole  of  the  thrust  is  exerted.     The  bearings  may  be 


of  any  suitable  form,  provided  that  they  are  strong  enough 
to  withstand  the  thrust. 

With  a  screw  propeller,  a  special  form  of  bearing  is 
necessary.  The  simplest  form  of  such  a  bearing  is  shown 
in  Fig.  6.  The  thrust  of  the  screw  propeller  tends  to  force 
the  propeller  shaft  either  inboards  or  outboards,  according 
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to  the  direction  in  which  the  vessel  is  propelled.  To  resist 
this  tendency,  a  number  of  collars  e  are  forged  on  the  thrust 
shaft  ^4;  these  collars  bear  against  semicircular  bronze  thrust 
rings  a,  6,  placed  within  recesses  formed  in  the  cap  B  and 
base  C,  respectively.  To  prevent  any  rotation  of  the  thrust 
rings,  a  tongue  f  is  placed  between  the  cap  and  base  at  each 
side  of  the  shaft.  To  prevent  any  longitudinal  movement 
of  the  cap,  it  is  fitted  carefully  between  lugs  /,  /  cast  solid 
with  the  base;  it  is  also  bolted  to  the  latter.  Both  the  cap 
and  base  are  cored  out,  as  shown  at  B'  and  C;  they  are 
usually  fitted  with  inlet  and  outlet  pipes,  hy  means  of  w^hlch 
water  may  be  circulated  through  the  cored  chambers  in 
order  to  prevent  or  alleviate  any  heating  of  the  thrust  rings 
that  may  occur  while  running.  The  whole  arrangement, 
which  is  called  a  thrust  block,  is  bolted  to  a  pedestal  /' 
that  is  securely  attached  to  the  framing  of  the  vessel.  The 
thrust  block  may  be  adjusted  to  a  limited  extent  in  an  axial 
direction  by  inserting  a  thin  liner  at  ft  and  removing  one  of 
the  same  thickness  at  ft',  or  vice  versa.  To  allow  such  an 
adjustment  to  be  made,  the  holes  in  the  base  through  which 
the  holding-down  bblts  5,j  pass  are  made  oblong.  To  pro- 
vide for  a  constant  lubrication  of  the  collars,  a  reservoir  o  is 
formed  in  the  lower  part  of  the  base.  This  is  filled  with  a 
mixture  of  oil  and  soapy  water.  The  collars  dip  into  this 
mixture  and  carry  it  around  with  them,  thus  providing  an 
automatic  lubrication.  The  reservoir  may  be  emptied  by 
means  of  the  petcock  r.  It  is  of  the  greatest  importance 
that  the  thrust  should  be  evenly  distributed  over  all  the 
collars  and  thrust  rings;  for,  assuming  the  whole  thrust  to 
be  exerted  against  but  one  or  two  rings,  the  pressure  would 
he  so  great  as  to  prevent  lubrication.  In  the  thrust  block 
shown  in  Fig.  6,  the  thrust  rings  cannot  be  adjusted  very  " 
readily;  therefore,  this  style,  which  is  known  as  a  solid  thnisl 
block,  is  gradually  going  out  of  use. 

44.  The  sectional,  or  horseshoe,  thrust  block,  shown  in 
Fig.  7,  is  taking  the  place  of  the  solid  thrust  block.  In  this, 
each  thrust  ring  may  be  adjusted  very  readily  to  a  nicety, 
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independently  of  the  others,  or  all  rings  may  be  adjusted  at 
once,  if  required.  In  the  figure,  W  is  the  thrust  shaft;  B,  the 
base;  and  C.  C,  the  bearings  placed  at  each  end  of  the  thrust 
block  in  order  to  support  the  thrust  shaft.  The  thrust  rings  a 
are  made  in  the  form  of  a  horseshoe,  as  shown  in  detail  at 
A,  Fig.  7.  The  wearing  surfaces  r,  r'  are  usually  formed  of 
bronee  for  wrought-iron  shafts,  and  of  Babbitt,  or  any  other 
white  metal,  for  steel  shafts.  They  are  usually  made  sepa- 
rate from  the  thrust  rings,  which,  in  this  case,  are  steel  cast- 
ings, and  are  either  hung  on  steady  pins  driven  into  the  thrust 
rings,  or  inserted  into  recesses  formed  in  the  thrust  rings- 
Large  screws  E,  E'  are  placed  on  each  side  of  the  block  and 
pass  through  holes  in  the  bearings  C,  C;  they  are  secured 
by  nuts  situated  on  the  forward  and  after  sides  of  each  bear- 
ing. The  thrust  rings  are  placed  over  these  screws  and  may 
be  adjusted  as  well  as  locked,  when  in  position,  by  means  of 
nuts,  as  e,€'.  The  thrust  rings,  as  well  as  the  base,  are  cored 
out  and  provided  with  suitable  piping,  by  means  of  which 
water  may  be  circulated  through  them.  The  lower  part  of 
the  base  forma  a  reservoir  for  the  lubricant. 

45.  The  thrust  block  is  usually  located  close  to  tfae 
engine,  it  being  the  common  practice  to  make  the  thrust 
shaft  the  first  length  of  shafting  abaft  of  the  engine.  Thrust 
blocks  of  the  horseshoe  type  are  frequently  bolted  directly 
to  the  bedplate  of  the  engine.  If  located  there,  they  can  be 
given  the  attention  their  importance  demands.  If  heating 
and  subsequent  cutting  of  the  thrust  rings  occur,  which 
entail  a  very  rapid  wearing  away  of  the  rings,  the  whole  line 
of  shafting  is  thrown  forwards  an  amount  equal  to  their  wear. 
Should  the  crank-shaft  and  line-shaft  journals  be  grooved  to 
any  extent,  their  healing  and  subsequent  cutting  are  very 
liable  to  occur  as  soon  as  the  thrust  block  heats.  Since  the 
shafting  and  bearing  may  be  seriously  damaged  by  means  of 
this,  it  is  of  great  importance  that  all  possible  attention  be 
given  to  the  thrust  block. 
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POWERING    OF    VESSELS 

46.  The  exact  amount  of  power  required  to  propel  a 
vessel  at  a  given  speed  cannot  be  deduced  very  readily  from 
the  elementary  principles  of  mechanics.  Instead,  empirical 
rules  based  on  the  actual  performance  of  vessels  are  usually 
relied  on.  The  conditions  that  influence  the  relation  between 
power  and  speed  are  many,  but  only  a  few  of  the  more 
important  ones  will  be  enumerated  here.  For  instance,  the 
area  of  the  blades  of  the  screw  propeller  may  not  be  suffi- 
cient for  high  speed,  owing  to  a  churning  of  the  water 
when  the  propeller  is  revolved  beyond  a  certain  speed; 
and,  although  the  power  expended  in  revolving  the  propeller 
faster  may  be  considerable,  the  increase  of  the  speed  of  the 
vessel  may  be  very  slight.  A  similar  state  of  affairs  may 
occur  if  the  area  of  the  buckets  of  a  paddle  wheel  is  too 
small.  It  may  be  amply  sufficient  for  a  low  rate  of  speed, 
and  still  be  entirely  too  small  for  a  higher  rate,  thus  show- 
ing, probably,  a  high  efficiency  of  the  propelling  instrument 
at  a  low  speed,  and  a  very  poor  one  at  a  higher  rate.  Again, 
the  efficiency  of  the  engine  may  vary  greatly  for  different 
powers  developed  by  the  same  engine.  Therefore,  no  hard 
and  fast  rule  can  be  laid  down  that  will  express  the  relation 

between  power  and  speed  under  all  conditions. 

• 

47.  The  rule  most  frequently  used  in  the  powering  of 
vessels  is  known  as  the  Admiralty  rule.  It  involves  the 
selection  of  a  proper  constant  based  on  actual  experience; 
when  this  constant,  a  number  of  which  are  given  in  Table  I, 
due  to  Mr.  Seaton,  is  properly  selected,  the  results  of  the 
rule  will  be  found  to  agree  very  closely  with  the  actual  per- 
formance of  vessels  powered  by  the  rule,  at  least  under 
ordinary  conditions  and  for  ordinary  efficiencies  of  the  pro- 
pelling apparatus. 

• 

Rule. — To  fmd  the  indicated  horsepower  required  to  propel  a 
vessel  at  a  given  speed,  multiply  together  the  cube  of  the  speed 
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anil  Ike  cube  root  ol  the  square  oi  the  titsplaienienl.  Divide  tkit 
product  by  the  constant  corresponding  to  the  length,  speed,  and 
shape  of  the  vessel,  as  given  in  Table  I. 


Or, 


H  =  -M- 


where    H  =  indicated  horsepower; 

II"  =  displacement  of  vessel,  in  tons  of  2.240  pounds; 
A  ,  =  a  constant  (see  Table  1); 
5"   =  speed,  in  knots. 

TABLE  I 

VALUES    (IF    k    IN    ADMIBAI.TT    BULB 


Destription  of  Vessel 

Sp«ed 
Kuots 

* 

Under  200  feet,  fair 

9  to  10 

9  to  10 
to  to  II 
11  to  12 

9  to  II 

9  to  II 
II  to  12 

9  to  11 
II  to  13 

9  to  II 
11  to  13 
13  10  15 

9  to  II 
II  to' 13' 
II  to  13 
13  to  15 
IS  to  17 
15  to  17 

"ajo 

ZIO 

Under  200  feet,  fine 

From  200  to  250  feet,  fair 

Prom  200  to  250  feet,  fine 

From  2O0  to  250  feet,  fine 

From  250  to  300  feet,  fair 

From  250  to  300  feet,  fair 

From  250  to  300  feet,  fine 

From -250  to  300  feet,  fine 

From  250  to  300  feel,  fine 

From  300  to  400  feet,  fair 

From  300  to  400  feet,  fair 

From  300  to  400  feet,  fine 

From  300  to  400  feet,  fine 

From  300  to  400  feet,  fine 

34a 

2  20 

250 
330 
360 
340 
200 
260 
240 
360 
240 
190 
340 

48.  To  determine  whether  a  vessel  is  fair  or  fine,  it  is 
usual  to  compare  its  displacement,  in  cubic  feet,  with  the 
volume  of  a  rectangular  box  having  a  length  equal  to  the 
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length  of  the  vessel  on  the  water-line,  a  width  equal  to 
the  beam,  and  a  depth  equal  to  the  mean  draft  of  the  vessel 
diminished  by  the  depth  of  the  keel.  If  the  displacement  is 
.55  of  the  volume  of  the  box,  or  less,  the  vessel  is  fine;  if 
above  .55  and  less  than  .70,  fair.  The  quotient  obtained  by 
dividing  the  displacement  by  the  contents  of  the  imaginary 
box  is  called  the  coefficient  of  fineness. 

Example. — A  vessel,  260  feet  long  and  finely  shaped,  having  a  dis- 
placement of  1,000  tons,  is  to  have  a  speed  of  15  knots;  what  should 
be  the  indicated  horsepower  of  the  engine? 

Solution. — From  the  table,  k  =  200.    Applying  the  rule  given, 

H  =   — ^20J^^'  "  ^'^^-^  ^'  ^-  ^-    ^°*' 

49.  The  selection  of  a  proper  value  of  k  calls  for  the 
exercise  of  considerable  judgment,  based  on  personal  knowl- 
edge of  the  actual  performance  of  similar  vessels.  Gener- 
ally speaking,  the  value  of  k  is  influenced  by  the  length, 
speed,  and  shape  of  the  vessel.  The  value  of  k  should  be 
greater  with  an  increased  length  of  the  vessel  in  propor- 
tion to  the.  width,  and  also  with  a  finer  under-water  body; 
conversely,  its  value  should  be  less  as  the  ratio  of  length 
to  width  becomes  smaller,  and  as  the  form  becomes  fuller. 
Furthermore,  the  value  of  k  should  be  smaller  for  rela- 
tively high  speeds  than  for  low  speeds,  for  vessels  of  the 
same  form  and  displacement.  Prof.  W.  F.  Durand  states  that 
a  speed  may  be  considered  as  relatively  high  or  low  if  the 
speed  exceeds  the  numerical  value  of  the  square  root  of  the 
length  of  the  vessel  in  feet,  or  falls  below  it.     Thus,  if  a 

vessel  is  64  feet  long,  >'64  =  8,  a  speed  of  10  knots  would 
be  considered  as  relatively  high,  while  a  speed  of  5  knots 
would  be  considered  as  relatively  low.  For  small  boats,  if 
the  speed  is  given  in  statute  miles  per  hour,  the  values  of  k 
range  between  150  and  225,  and  for  speeds  given  in  knots, 
between  100  and  150,  according  to  Prof.  W.  F.  Durand,  in  an 
article  contributed  to  ** Marine  Engineering." 

Example  1 . — A  boat  70  feet  long  and  7  feet  beam  is  to  make  10  knots; 
its  displacement  is  30  tons,  and  the  vessel  has  fair  lines,  having  a  coeffi- 
cient of  fineness  of  .Go.     What  horsepower  is  required? 
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Solution. — As  the  speed  is  relatively  high,  it  will  be  well  to  select 
a  rather  low  value  of  k,  say  120.    Applying  the  rule  given  in  Art.  47, 

H  =    —  fgo         =  ^•^^»  say  81,  I.  H.  P.    Ans. 

Example  2.— A  boat  60  feet  long  and  8  feet  beam  is  to  make 
9  knots;  its  displacement  is  30  tons,  and  it  has  fair  lines.  What  horse- 
power is  required? 

Solution. — As  the  speed  is  relatively  high,  a  low  value  of  k  should 
be  selected  on  this  account.  Furthermore,  as  the  ratio  of  length  to 
width  is  small,  the  value  of  k  should  be  decreased  on  this  account  also. 
Selecting  a  value  of  110,  by  the  rule  given  in  Art.  47, 

H  =      ^^Q       =  64  L  H.  P.,  nearly.    Ans. 

Example  3.— A  boat  50  feet  long  and  7  feet  beam  is  to  make 
6  knots;  its  displacement  is  25  tons  and  it  has  fine  lines.  What  horse- 
power is  required? 

Solution. — The  speed  being  relatively  low,  and  the  lines  fine,  a 
rather  high  value  of  k^  say  140,  can  be  selected.  Applying  the  rule 
given  in  Art.  47, 

H  =       ^^^       =  13.2  I.  H.  P..  nfcarly.    Ans. 


ENGINE    SPEED    AND    SHIP'S    SPEED 

50.  Very  often,  the  question  as  to  the  speed  at  which 
the  eng:ine  must  be  run  to  drive  the  vessel  at  a  certain 
velocity,  confronts  the  marine  engineer.  If  the  revolutions 
per  minute  of  the  engine  for  a  certain  speed  of  the  vessel 
are  known,  the  question  may  be  readily  answered.  Assuming 
the  percentage  of  slip  to  remain  constant,  doubling  the 
velocity  of  the  stream  projected  by  the  propelling  instrument, 
that  is,  doubling  the  revolutions  of  the  engine,  and,  hence,  of 
the  screw  propeller  or  paddle  wheels,  doubles  the  speed  of 
the  vessel;  in  other  words,  the  speed  is  directly  proportional 
to  the  revolutions  of  the  engine.  In  actual  practice,  the  per- 
centage of  slip  varies  somewhat  at  different  speeds  and  under 
different  conditions;  hence,  the  following  rule,  which  is  based 
on  the  assumption  of  a  constant  percentage  of  slip,  does  not 
give  the  exact  number  of  revolutions  per  minute  required, 
which  can  be  found  only  by  actual  trial.  However,  the  rule 
will  give  a  very  fair  approximation. 
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Rule. — To  find  the  revolutions  per  minute  at  which  to  run  the 
engine  in  order  to  give  the  required  speedy  divide  the  product  of 
the  revolutions  producing  any  given  speed  and  the  required  speed 
by  the  given  speed. 

Or.  ^«  =  ^ 

where   R  =  revolutions  per  minute  for  a  given  speed; 
5"  =  given  speed; 
y?i  =  required  revolutions; 
Sx  =  required  speed. 

Example. — If  a  vessel  is  propelled  at  the  rate  of  16  knots  when  the 
engine  is  making  32  revolutions  per  minute,  what  should  be  the  revolu- 
tions per  minute  to  g^ve  it  a  speed  of  14  knots? 

Solution. — Applying  the  rule  given, 

Rx  =  — r^ —  =  28  rev.  per  min.    Ans. 
lo 

51.  On  taking  charge  of  a  steamer,  the  number  of  revo- 
lutions at  which  to  run  the  propelling  instrument  to  produce 
a  given  speed,  when  none  of  the  data  called  for  in  the  rule 
given  in  Art.  50  are  available,  is  often  desired.  In  that 
case,  the  pitch  of  the  screw,  or  the  effective  diameter  of  the 
paddle  wheel  (taking  the  effective  diameter  for  this  purpose 
from  center  to  center  of  buckets)  must  be  measured  and  a 
fair  slip  value  assumed.  The  revolutions  can  then  be  found 
by  the  following  rule: 

Rule. — To  find  the  revolutions  Per  minute  required  to  Pro- 
duce a  given  speed  per  hour^  multiply  the  pitch  of  a  screw  propel- 
ler^ or  the  circumference  of  the  effective  diameter  circle  of  a 
paddle  wheels  by  60  and  by  the  difference  between  1  afid  the 
assumed  apparent  sUp^  expressed  decimally.  Divide  the  speed  of 
the  ship  in  feet  per  hour  through  the  water  by  this  product, 

^'  ^  =  60Z?(l-5.) 

where  J!  =  revolutions  per  minute; 
5"  =  speed,  in  feet  per  hour; 
D  =  pitch  of  screw  propeller,  or  effective  diameter 

X  3.1416  in  case  of  a  paddle  wheel; 
Sm  =  apparent  slip,  expressed  decimally  in  per  cent. 
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ExAMPi-B.— The  pitch'  of  a  screw  propeller  is  16  leet;  how  many 
revolutions  per  minute  must  it  make  In  drive  tlie  ship  at  the  r»te  of 
10  knots,  the  apparent  slip  being  estimated  at  10  per  cent.? 

Solution.— Applying  the  rule  givea, 

n.om  X  10  ,„„_  .        . 

*  "  60  X  i«  x-(f  -  ;i)  -  '»■='  '"■  '■"  ""■   *"- 
52,     The  probable  speed  of  a  ship  with  a  given  number 
of  revolutions  of  the  propelling  instrument  can   be  found 
as  follows: 

Kiile. — To  {hid  the  probable  spied  of  a  steam  vessel,  in  mUes 
per  hour,  mulliply  60  by  the  tevolittions  per  minute  and  tht 
pitek,  in  leet,  of  a  serew  propeller,  or  the  circumferenet  of  the 
effective  diameter  circle  of  a  paddle  wheel,  and  by  the  difference 
between  J  and  the  per  cent,  of  apparent  slip  expressed  decimally. 
Divide  the  product  by  f>,Si<0  or  by  6,(180,  according  to  whether 
the  speed  is  to  be  expfcssed  in  statute  miles  or  nautical  miles. 

.where  f  is  the  mtinber  of  feet  per  statute  or  nautical  mile; 
the  other  letters  have  the  same  meaning  as  in  the  formula 
given  in  Art.  51. 

ExAMPi.E,— A  propeller  of  30  feel  pilch  makes  70  revolutions  per 
raiDute;  with  an  assumed  slip  of  12  per  cent.,  what  will  be  the  speed 
of  the  ship  in  knots? 

Solution.— Applying  the  rule  just  given, 

12.16  knots.    Ans. 


RELATION      BETWRRN      HORSEPOWER     AND     RBT0LUTION8 

53,  The  speed  of  a  ship  fully  under  way  is  about  directly 
proportional  to  the  number  of  revolutions  made  by  the 
engine.  Rut  the  power  required  to  turn  the  propelling 
instniment  varies  as  the  cube  of  the  number  of  revolutions, 
or  (which  is  the  same  thing)  as  the  cube  of  the  speed. 
Assume  some  body  (the  shape  of  it  is  immaterial)  to  be 
moved  through  water  at  a  uniform  speed  of  1,100  feet  per 
minute,  and  assume  that  a  constant  propelling  force  of 
16,500  pounds  is  required  to  maintain  that  rate  of  speed. 
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Since  work  is  the  product  of  force  into  distance,  the  work 
done  per  minute  is  1,100  X  16,500  =  18,150,000  foot-pounds. 
Since  a  horsepower  is  33,000  foot-pounds  of  work  per 
minute,  the  horsepower  required  to  move  the  body  at  the 
given  speed  is  ^VaWo^^  =  550  horsepower.  Suppose  that 
the  same  body  is  moved  through  the  water  at  the  uniform 
speed  of  2,200  feet  per  minute,  that  is,  twice  as  fast  as  before. 
Now,  the  resistance  to  a  body  moving  through  water  varies 
as  the  square  of  the  velocity;  hence,  the  force  required  to 
move  the  body  at  double  the  speed  will  be  2"  X  16,500 
=  66,000  pounds.  But,  since  the  body  will  move  the  same 
distance  as  in  the  first  case  considered,  i.  e.,  1,100  feet  in 
one-half  the  time,  or  30  seconds,  the  power  required  will  be 

66.000  X  1.100  X  60  _  ^  ^^q  horseoower 
33,000  X  30  ~     '  ""  •horsepower. 

This  shows  that  to  double  the  speed  the  power  had  to 
be  increased  2x2x2  =  8  times;  that  is,  it  varies  as  the 
cube  of  the  speed.  Had  the  calculation  been  made  for  any 
other  speed,  say  1.5  times  the  original  speed,  the  power 
required  would  have  been  found  to  be  1.5  X  1.5  X  1.5  = 
3.375  times  as  much.  Likewise,  for  a  speed  treble  that  first 
considered,  the  power  would  have  been  3  X  3  X  3  =  27  times 
as  much.     From  this  the  following  rule  is  derived: 

Rule. — To  find,  approximately,  the  potver  developed  by  an 
engine  for  any  givai  yiiimber  of  revolutions  per  minute,  any  other 
horsepower  ayid  the  corresponding  revolutions  per  minute  being 
k7iow7i,  multiply  together  the  cube  of  the  revolutions  at  the 
required  horsepower  and  the  given  horsepower.  Divide  the  Prod- 
tut  by  the  cube  of  the  revolutions  correspojiding  to  the  given  Power, 

Or.  H.  =  ^'^ 

where   /^,  =  required  indicated  horsepower; 
R^  =  revolutions  at  required  power; 
H  =  given  indicated  horsepower; 
R    =  revolutions  corresponding  to  it. 

Example. — A  Xy\%  engine  develops  70  indicated  horsepower  at  100 
revolutions;  what  power  would  it  probably  develop  at  60  revolutions? 
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Solution. — Applying  the  rule  gpven, 

H^  =  ^^^    =  16.12  L  H.  P.    Ans. 

In  practice,  the  horsepower  calculated  by  this  rule  will  not 
always  correspond  to  that  actually  used,  as  found  by  the 
indicator  diagram.  This  is  due  to  the  fact  that  the  eflficiency 
of  the  machinery  is  not  necessarily  the  same  at  all  speeds. 
As  a  general  rule,  the  engine  will  be  at  its  maximum  effi- 
ciency at  some  certain  speed,  and  will  have  a  lower  efficiency 
at  a  higher  or  lower  speed.  The  speed  at  which  the  engine 
is  at  its  best  efficiency  can  be  found  only  by  actual  trial. 


REDUCTION  OF  HORSEPOWER  WHEN  TOWING 

54.  It  is  a  well-known  fact  among  marine  engineers  that 
an  engine  will  develop  a  lower  horsepower  with  a  given 
boiler  pressure,  throttle  position,  and  cut-off  when  towing  or 
having  the  resistance  of  the  vessel  increased  by  other  means, 
as  by  a  head-wind,  a  head-sea,  or  an  adverse  current,  than 
will  be  developed  under  the  same  engine  conditions  but  run- 
ning free.  The  reason  for  this  is  explained  in  the  following 
discussion,  in  which  for  the  sake  of  simplicity  two  convenient 
assumptions  have  been  made  that  are  not  absolutely  cor- 
rect in  practice.  These  assumptions  are  that  the  horsepower 
of  an  engine  varies  directly  as  the  first  power  of  the  number 
of  revolutions,  the  mean  effective  pressure  remaining  the 
same,  and  that  the  speed  of  the  vessel  varies  directly  as 
the  first  power  of  the  number  of  revolutions. 

Consider  a  paddle-wheel  steamer  running  free,  with  its 
engine  developing  its  jjreatest  horsepower  possible.  Since 
the  turning  effort  of  the  engine  depends  only  on  the  mean 
effective  pressure  in  the  cylinders,  it  is  independent  of  the 
revolution  so  long  as  the  throttle  position,  boiler  pressure, 
and  cut-off  remain  the  same.  This  turning  effort,  when 
exerted  at  the  circumference  of  the  effective  diameter  circle 
tangentially  to  the  same  and  parallel  to  the  surface  of  the  water, 
is  the  total  force  tending  to  propel  the  vessel  forwards,  and 
is  resisted  by  an  opposing  force,  which  is  the  resistance  of 
the  vessel.     Let  the  engine  be  started  and  assume  that  it  is 
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making  its  greatest  turning  effort.  The  resistance  being  less 
than  the  forward  force,  the  vessel  moves  forwards  under  the 
influence  of  a  forward  accelerating  force  equal  to  the  differ- 
ence between  the  total  forward  force  and  the  resistance. 
As  the  vessel  gathers  headway,  the  resistance  increases; 
this  means  that  the  difference  between  the  forward  and  the 
resisting  force,  that  is,  the  accelerating  force,  decreases 
until  the  total  forward  force  and  total  resistance  have  become 
equal,  when  the  vessel  continues  at  a  uniform  speed.  Let 
the  resistance  be  increased  either  by  the  vessel  picking  up  a 
tow,  by  a  head-wind  or  head-sea,  by  encountering  an  adverse 
current,  or  by  a  combination  of  these  circumstances.  The 
conditions  remaining  the  same  as  before  at  the  engine,  the 
turning  effort,  that  is,  the  total  forward  force  is  the  same; 
but,  as  the  initial  resistance  is  increased,  the  initial  difference 
between  the  total  forward  force  and  the  total  resistance  is 
smaller  than  in  the  first  case.  This  means  that  a  smaller 
accelerating  force  is  available  with  an  increased  resistance, 
and  consequently  the  total  forward  force  and  total  resistance 
become  equal  at  a  lower  speed  of  the  vessel,  which  then 
continues  under  way  at  a  uniform,  but  lower  speed.  Now, 
the  horsepower  of  an  engine  varies  (theoretically)  directly 
as  the  first  power  of  the  number  of  revolutions,  the  mean 
effective  pressure  remaining  constant.  It  has  been  shown 
that  the  speed  of  the  vessel  has  been  lowered;  from  this 
it  follows  that  the  revolutions  and  consequently  the  horse- 
power must  be  less  when  the  resistance  has  been  increased. 
By  adding  to  the  resistance  of  the  vessel,  a  condition  is 
finally  reached  similar  to  that  of  a  vessel  moored  to  a  dock; 
the  forward  force  and  resistance  are  equal  and  the  vessel,  as 
no  accelerating  force  is  available,  remains  stationary.  In 
this  condition,  the  number  of  revolutions,  and,  hence,  the 
horsepower,  has  dropped  to  the  lowest  limit. 


RELATION  OF  COAL.  CONSUMPTION  TO  SPEED 

55.  The  fuel  consumption  may  be  said  to  vary  directly 
as  the  horsepower  developed  (this  is  not  exactly  true,  but 
only  approximately).     The  horsepower  varies  about  directly 
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as  the  cube  of  fhe  speed,  whence  it  follows  that  the  fuel  coo- 
sumption  will  also  vary  as  the  cube  of  the  speed  (approxi- 
mately).    From  this,  the  following  rules  have  been  deduced. 

Kiile  1.-7(1  lind  the  probable  coal  consumption  (or  a  sPffd 
dilterettt  from  a  known  speed,  multiply  the  cube  of  the  new  speed, 
in  miles  per  hour  or  knots,  by  the  coal  cfinsnmplion,  in  tons,  af 
the  known  speed.  Divide  the  product  by  the  cube  of  the  knonn 
speed,  expressed  in  the  same  terms  as  the  new  speed;  the  quotient 
will  be  the  coal  consttmplion  expressed  in  the  same  terms  as  fie 
krumin  one. 

Or,  .=  ^  (1) 

where   e  —  coal  consumption,  in  tons,  al  the  new  speed; 
s  =  new  speed: 
S  =  known  speed; 

C  =  coal  consumption,  in  tons,  at  the  known  speed. 
EXAMPIJC   1.— A   sleamer  consuraea  80  tons  of  coal   per  day  at  • 
Speed  of  12  knots;  suppose  that  the  speed  is  to  be  reduced  to  10  knots, 
what  win  be  the  fuel  consumption  per  day  al  that  rate  of  speed? 
Son'TioN, — Applying  rale  I, 

c  =        ',, '     =  1it.;j  T.  per  da,,  nearly,    Adh. 

Rule  II.— To  find  approximately  fhe  speed  of  steaming  lor  a 
new  coal  consumption,  multiply  the  new  coal  consumption  by  the 
cube  of  the  known  speed,  divide  the  product  by  fhe  coal  consump- 
tion at  the  kno%vn  speed,  and  extract  tfie  cube  root  of  the  quotient. 
The  coal  consumption  is  to  be  expressed  in  the  same  terms  in  both 
cases,  and  the  new  speed  will  be  in  the  same  terms  as  the  old  speed. 


Or.  !  -  ^f-l~  (2) 


# 


where  the  letters  have  the  same  meaning  as  in  formula  1. 

Example  '1. — A  steamer  consumes  100  tons  of  coal  per  day  at  a 
speed  of  10  knots;  what  should  be  the  speed  in  order  to  cut  the  coal 
consumption  down  to  -'iO  tons  per  day? 

Solution.  — Apptyinn  rule  II, 


'ti 


100 


r  R  knots,  nearly.    Aas. 
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Example  3. — If  a  steamer  consumes  15  tons  of  coal  per  day  to 
produce  a  speed  of  9  knots,  how  many  knots  would  she  steam  if 
the  coal  consumption  were  reduced  to  12  tons  per  day? 

Solution.— Applying  rule  II, 

J  =  x/  --£ —  =  8.35  knots,  nearly.    Ans. 

56.  At  sea,  owing  to  an  accident,  it  often  occurs  that  it 
is  desired  to  know  what  speed  to  maintain  in  order  to  reach  a 
given  port  with  the  amount  of  coal  on  hand.  This  problem 
is  readily  solved  by  trial  and  by  application  of  rule  I,  Art.  55. 
In  practice,  a  good  margin  of  coal  should  be  shown  by  the 
calculations  as  left  over,  for  the  reason  that  the  actual  coal 
consumption  at  the  reduced  speed  will,  as  a  general  rule,  be 
in  excess  of  the  calculated  consumption,  by  reason  of  the 
decrease  in  economy  of  the  engine  induced  by  reducing  the 
developed  horsepower. 

Example. — A  steamer  consumes  20  tons  of  coal  per  day  at  a  nor- 
mal speed  ol  10  knots;  the  distance  to  the  nearest  port  where  coal 
can  be  had  Is  600  miles,  and  the  estimated  quantity  of  coal  in  the 
bunkers  is  but  35  tons.  Find  what  speed  should  be  maintained  in 
order  to  reach  the  coaling  station  with  the  coal  supply  on  hand. 

Solution. — The  best  way  to  proceed  in  a  case  of  this  kind  is  to 

assume  a  lower  speed,  say  8  knots,  and  calculate  the  new  coal  con- 

8*  X  20 
sumption  for  that  speed;  thus,  c  =  — iTT*"  =  10.24  T.  per  da.,  or  .43  T. 

per  hr.  The  time  required  to  cover  a  distance  of  600  mi.  at  a  speed 
of  8  knots  is  *J^  =  75  hr.,  and  at  a  coal  consumption  of  .43  T. 
per  hr.  the  total  quantity  of  coal  required  at  that  speed  is  75  X  .43 
s  32.25  T.  Hence,  if  a  speed  of  8  knots  is  maintained,  the  supply 
of  coal  on  hand  (35  T.)  will  suffice  to  reach  the  coaling  station  under 
ordinary  weather  conditions.    Ans. 


EXAMPLES    FOR    PRACTICE 

1.  If  a  stream  of  water  weighing  32,160  pounds  be  projected  per 
second  from  a  vessel,  what  will  be  the  theoretical  thrust,  assuming  the 
true  slip  to  be  2  feet  per  second?  Ans.  2,000  lb. 

2.  Find  the  indicated  thrust  when  the  pitch  of  screw  propeller  is 
20  feet;  revolutions  per  minute,  60;  indicated  horsepower  developed, 
1,000.  Ans.  27,500  lb. 
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3.  The  effective  diameter  of  a  stern  wheel  is  15  feet;  what  is  the 
indicated  thrust  corresponding  to  100  indicated  horsepower  at  30  revo- 
lutions? Ans.  2,334.27  lb. 

4.  Find  the  indicated  horsepower  for  a  vessel  190  feet  long,  having 
a  displacement  of  1,000  tons,  a  coefficient  of  fineness  of  .53,  and  a 
speed  of  12  knots,  Ans.  864  I.  H.  P. 

5.  At  what  number  of  revolutions  should  a  screw  propeller  turn  to 
drive  a  vessel  at  15  knots,  if  at  60  revolutions  it  made  12  knots? 

Ans.  75  rev. 

6.  If  a  screw  propeller  has  a  pitch  of  14  feet,  and  its  apparent  slip 
is  known  from  a  trial-trip  record  to  be  15  per  cent.,  how  many  revolu- 
tions per  minute  must  it  make  to  drive  the  ship  12  statute  miles  per 
hour  against  a  current  running  2  miles  per  hour? 

Ans.  103.5  rev.,  nearly 

7.  About  what  speed  may  be  expected  from  a  stem-wheel  steamer 
if  the  wheel  has  an  effective  diameter  of  17  feet  and  makes  32  revolu- 
tions per  minute?  The  speed  is  desired  in  knots,  and  the  apparent 
slip  is  estimated  at  20  per  cent.  Ans.  13.5  knots,  nearly 

8.  if  a  marine  engine  develops  100  indicated  horsepower  at  90  revo- 
lutions, what  will  it  develop  at  100  revolutions?       Ans.  137.17  1.  H.  P. 

9.  A  steamer  consumes  20  tons  of  coal  per  day  at  a  speed  of  7  knots; 

what  is  the  probable  coal  consumption  at  11  knots? 

Ans.  77.6  T.  per  da. 

10.  At  what  speed  must  a  steamer  proceed  to  cut  the  coal  consump- 
tion down  to  40  tons  per  day  when  at  60  tons  per  day  it  makes  18  knots? 

Ans.  15.7  knots,  nearly 


REFRIGERATION 


REFRIGERATING  MACHINERY 


FUNDAMENTAL  PKINCIPLES 


INTRODUCTION 

1.  Processes  of  Producing  Cold. — The  act  of  lower- 
ing the  temperature  of  a  body,  or  of  keeping  its  temperature 
below  that  of  the  atmosphere,  is  spoken  of  as  rofrlg^era- 
tlon.     It  may  be  produced  by  one  of  the  following  processes: 

1.  A  transfer  of  heat  from  a  warmer  to  a  colder  body. 

2.  A  chemical  action,  as  exemplified  by  the  so-called 
freezing  mixtures. 

3.  The  adiabatic  expansion  of  a  gas. 

4.  The  evaporation  of  liquids  having  a  low  boiling  point. 
Heat  will  pass  from  a  warmer  to  a  colder  body.     Drop  a 

hot  piece  of  iron  into  a  vessel  of  cold  water;  the  water  will 
absorb  heat  from  the  iron  until  both  the  iron  and  the  water 
are  at  the  same  temperature;  that  is,  the  heat  of  the  warm 
body  (the  hot  piece  of  iron)  passes  to  the  cold  body  (the 
cool  water). 

In  actual  practice,  ice-making  and  refrigerating  machines 
employ  either  of  the  last  two  processes  in  combination  with 
the  first.  The  second  process  has  no  practical  applicability 
at  present  in  commercial  work. 

In  order  to  change  a  liquid  into  a  vapor,  a  certain  quantity 
of  heat,  called  the  latent  heat  of  vaporization^  must  be  added 
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to  the  liquid.  When  this  process  of  vaporization  or  evapo- 
ration is  taking  place  in  the  presence  of  other  wanner  bodies, 
the  heat  required  for  it  is  drawn  from  these  bodies,  and  they 
are  thereby  cooled.  From  this,  it  follows  that,  with  a  liquid 
having  the  boiling  point  below  the  freezing  point  oi  water, 
water  can  be  frozen  by  allowing  the  liquid  to  absorb  the  heat 
contained  in  the  water,  and  thus  acquire  the  heat  required 
for  its  own  evaporation. 

2.  Adlabattc  and  Isotbermal  Ex)innslon  iind  Coni- 
pressioii. — Let  a  given  volume  of  any  gas  be  confined  under 
pressure  in  a  cylinder,  like  that  of  a  steam  engine;  the  gas 
will  then  tend  to  move  the  piston,  that  is,  it  will  tend  to 
overcome  resistance.  If  the  pressure  is  sufficient  to  over- 
come the  resistance,  the  piston  will  move  and  the  gas,  in 
expanding,  will  be  doing  work.  Now,  if  a  thermometer  is 
inserted  in  the  cylinder,  it  will  be  found  that  as  the  gas 
expands  its  temperature  is  lowered.  As  is  well  known,  it  is 
not  the  steam  itself  that  does  work  in  a  steam  engine,  but  it 
is  the  heat  contained  in  the  steam.  This  statement  applies 
to  all  other  gases  as  well.  Then,  as  heat  must  be  given  up 
in  order  to  do  work,  it  follows  that  if  no  heat  is  supplied 
from  outside  sources,  a  gas,  in  expanding,  cannot  do  work 
without  its  temperature  being  lowered.  The  expansion  of  a 
gas  not  accompanied  by  a  transfer  of  heat  from  another  body, 
is  known  as  adtabatic  expansion.  The  word  "adiabatic" 
is  derived  from  the  Greek  word  adiabatos  (a,  not;  diabaineiu, 
to  pass  through),  and  is  descriptive  of  a  process  in  which 
there  is  no  transfer  of  heat  from  or  to  a  body  operated  on 
to  or  from  another  body.  Conversely,  if  a  given  volume  of 
a  gas  be  compressed,  its  temperature  is  raised  if  no  heat  is 
abstracted  from  it  during  compression.  That  the  tempera- 
ture must  become  higher  can  be  seen  when  it  is  considered 
that  it  is  impossible  to  compress  the  gas  into  a  smaller 
volume  without  doing  work.  The  process  of  compression 
changes  this  work  into  heat;  that  is,  heat  is  added  to  the  g:as, 
and  consequently  its  temperature  is  increased.  The  com- 
pression of  a  gas,  accompanied  by  an  increase  of  temperature 
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proportional  to  the  conversion  of  the  work  done  in  com- 
pressing it  into  heat,  is  known  as  adinbatic  compression. 
In  other  words,  a  gas  is  said  to  expand  or  to  be  compressed 
adtabattcally  when  no  heat  is  added  to  it  from  an  outside 
source  during  expansion  or  abstracted  by  any  medium  while 
the  gas  is  compressed. 

3.  Let  a  given  volume  of  gas  under  pressure  expand  and 
do  work.  As  previously  explained,  it  cannot  do  work  with- 
out parting  with  an  equivalent  amount  of  heat.  Let  this 
same  amount  of  heat  be  added  from  some  outside  source. 
Then,  the  gas,  in  expanding  and  doing  work,  will  remain  at  a 
constant  temperature,  and  it  is  now  said  to  expand  isother- 
mally.  The  term  **isothermal,'*  which  is  derived  from  the 
Greek  {isos,  equal;  iherme,  heat),  simply  means  at  a  constant 
temperature.  Conversely,  if  a  given  volume  of  gas  at  a 
given  temperature  be  compressed,  and  the  amount  of  work 
converted  into  heat  in  compressing  it  be  abstracted  by  some 
means,  its  temperature  will  remain  the  same.  This  process 
is  known  as  isothermal  compression.  In  other  words,  a 
gas  is  said  to  expand  or  to  be  compressed  isothermally 
when  heat  is  added  during  expansion  or  abstracted  during 
compression,  to  keep  the  temperature  constant. 

4.  Suppose  that  a  certain  volume  of  gas  at  a  given 
pressure  is  allowed  to  expand  without  doing  any  work. 
Then,  assuming  the  vessel  in  which  expansion  is  taking 
place  to  be  a  perfect  non-conductor  of  heat,  so  that  no  heat 
can  be  added  or  abstracted  by  any  outside  means,  the  tem- 
perature of  the  gas  during  expansion  will  remain  constant; 
that  is,  the  expansion  is  adiabatic  and  isothermal  at  the 
same  time. 

5.  The  third  method  mentioned  in  Art.  1  suggests  a 
mechanical  process  of  refrigeration.  Let  a  certain  volume 
of  any  gas  be  confined  in  a  cylinder  and  let  it  be  compressed 
adiabatically  by  doing  work  on  it.  When  compressed  to 
the  smallest  volume  feasible,  reduce  the  temperature  by 
allowing  the  heat  due  to  the  conversion  of  work  into  heat 
during  compression  to  pass  into  a  colder  body,   say  cool 
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water.  The  gas  having  been  cooled  to  the  original  tempera- 
ture, or  nearly  to  it,  can  be  made  to  do  work,  expanding 
adiabatically.  But  in  doing  work,  the  pressure  and  tem- 
perature of  the  given  quantity  of  the  gas  fall  rapidly,  and  the 
temperature  soon  falls  far  below  that  of  the  atmosphere  sur- 
rounding the  machine  in  which  expansion  is  taking  place. 
Then,  as  heat  will  readily  pass  from  a  warmer  to  a  colder 
body,  the  expanded  gas,  which  is  very  cold,  will,  on  being 
brought  near  a  warmer  body,  absorb  some  of  its  beat,  that 
iSi  cool  it. 

CAPACITY    OF    REFRIGERATING    MACHINES 

6.  The  capacity  of  a  refrigerating  machine  is  the  meas- 
ure of  its  ability  to  abstract  heat.  The  unit  of  refrltircratliifr 
or  Ice-nieltlnjE  capacity  is  the  quantity  of  heat  required  to 
melt  1  ton  (2,000  pounds)  of  ice  at  32"  F.  to  water  at  32^'  F. 
The  latent  heat  of  fusion  of  water  being  144  British  thermal 
units,  the  unit  of  refrigerating  capacity  is  equal  to  144  X  2,000 
=  288,000  British  thermal  units. 

It  is  the  practice  of  some  British  writers  to  use  the  long 
ton  (2,240  pounds);  on  this  basis,  the  unit  of  refrigeratiss 
capacity  is  equal  to  144  X  2,240  =:  322,560  British  thermal 
units.     This  value  is  virtually  obsolete  at  present,  however. 

Rule.  —  To  find  the  relrigeraling  capacity  of  an  ice  machine, 
divide  the  number  of  Britiih  thermal  units  abstracted  in  24  hours 

by  288,000. 

Or,  F  =       " 

288,000 

where   F  =  refrigerating  capacity,  in  tons; 

H  =  number  of  British  thermal  units  abstracted  per 

day  of  24  hours. 

EXAMPLR. — A    refrigerating    macliine    abstracts  2,375,241    British 

thermal  units  in  20  hours;  what  is  its  refrigerating  capacity? 

Solution.— The  heat  uniis  abstracted  in  a  day  are  — -^-— — 

B.  T.  U,     Applying  the  rule  just  given. 
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7.  The  ice-making  capacity  is  the  number  of  tons  of  ice 
that  a  machine  is  capable  of  producing  in  24  hours.  As  the 
temperature  of  the  water  from  which  the  machine  makes  the 
ice  varies  from  50°  to  95°,  and  as  it  is  necessary  to  cool  this 
water  to  32°  before  any  ice  can  be  made,  it  will  be  seen  that 
the  ice-making  capacity  is  variable  and  is  largely  affected  by 
the  conditions  under  which  the  machine  operates.  Owing 
to  the  necessity  of  cooling  the  water  from  which  the  ice  is 
made  from  its  initial  temperature  to  a  temperature  below  the 
freezing  point,  and  owing  to  other  losses,  such  as  radiation, 
etc.,  the  ice-making  capacity  is  only  about  50  or  60  per  cent, 
of  the  ice-melting  capacity. 

8.  A  refrigerating  machine  is  generally  driven  by  a  steam 
engine;  therefore,  the  energy  delivered  to  the  machine  is 
contained  primarily  in  the  fuel  fed  to  the  furnace,  usually 
coal.  For  this  reason,  it  is  customary  in  commercial  work 
to  measure  the  commercial  efficiency,  or  the  economy  of  a 
refrigerating  machine,  by  the  pounds  of  ice-melting  effect 
per  pound  of  coal  used.  For  every  pound  of  coal  consumed 
in  the  boiler  to  produce  steam  to  operate  the  refrigerating 
machine,  a  quantity  of  heat  is  abstracted  from  the  cold  body 
sufficient  to  melt  a  definite  number  of  pounds  of  ice  at  32°  F. 
into  water  at  32°  F.  This  quantity  of  ice  is  a  measure  of 
the  commercial  efficiency  of  the  machine. 

Example. — A  refrigerating  machine  having  an  actual  ice-melting 
capacity  of  23.5  tons  requires  4,350  pounds  of  coal  per  24  hours  to 
operate  it;  what  is  the  efficiency,  expressed  in  ice,  per  pound  of  coal? 

Solution.--  23.5  T  =  47,000  lb.;  47,000  -5-  4,350  =  10.8;  or,  10.8  lb. 
of  ice  is  melted  per  pound  of  coal  burned.    Ans. 
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FREE-AIR    REFRIGERATING    MACHINES 

9.  Air  being  the  cheapest  and  most  readily  obtained  gas, 
is  for  that  reason  used  to  some  extent  for  the  production 
of  artificial  cold.  The  machines  in  which  it  is  used  are 
known  as  air-refri||^eratiii||^  luacliines. 
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They  utilize  the  fall  of  temperature  that  occurs  when  com- 
pressed air  expands  adiabatically  and  performs  work,  sa 
stated  in  Art.  5. 

The  general  arrangement  of  an  air-refrigerating  machine 
is  shown  in  Fig.  1.  The  machine  consists  essentially  of  a 
compression  cylinder  .-/.  an  expansion  cylinder  ff,  a  con- 
denser A",  and  a  cooler,  or  refrigerator  box,  D.  The  piston 
of  the  cylinder  A  is  provided  with  suction  valves  I',  !•' open- 
ing inwards,  a  discharge  valve  I'',  and  a  water-jacket  J, 
The  diameter  of  the  cylinder  B  is  slightly  less  than  that  of  W. 


irat««-  OmllM. 


The  piston  is  solid,  but  the  cylinder  head  is  provided  with 
two  valves,  an  inlet  valve  5"  and  an  outlet  valve  S',  which  are 
operated  by  the  eccentrics  C  and  C.  The  pistons  are  con* 
nepted  to  cranks  set  at  180°.  The  condenser  ^  is  a  surface 
cojidenser  and  receives  a  current  of  cold  water  from  the 
wqter-jacket  Joi  the  compression  cylinder  A.  A  receiver  /f 
is  connected  with  the  condenser  and  also  communicates  with 
tht  inlet  valve  S  of  the  expansion  cylinder  B. 

The  air  at  ordinary  pressure  is  taken  into  the  cylinder  A 
through  the  valves  F,  y,  and  is  compressed  adiabatically 
unfil  the  pressure  becomes  sufficient  to  open  the  valve  ^". 
Tlie  air  then  passes  into  the  condenser  /f,  where  it  comes  in 
contact  with  the  cold  surfaces  of  that  vessel.  The  adiabatic 
compression  has  raised  the  temperature  of  the  air;  bot  in 
passing  through  the  condenser,  some  of  the  heat  contained 
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in  the  air  is  g^iven  up  to  the  cold  water  circulating  through 
the  condenser,  and  the  temperature  is  lowered  nearly  to  that 
of  the  surrounding  air.  During  this  time,  the  valve  5  of  the 
expansion  cylinder  B  opens  and  permits  an  amount  of  air 
equal  in  weight  to  that  expelled  from  A  to  pass  from  the 
receiver  R'  into  the  cylinder.  The  valve  5  closes  and  the 
air  in  the  cylinder  B  expands,  forcing  the  piston  forwards 
and  doing  a  certain  amount  of  work.  This  expansion  of  the 
air  in  the  cylinder  B  and  the  performance  of  work  in  forcing 
the  piston  forwards  is  at  the  expense  of  the  energy  stored  in 
the  air.  The  air  therefore  gives  up  sufficient  heat  to  do  the 
mechanical  work,  and  as  a  result  its  temperature  falls.  As 
the  air  on  entering  B  was  at  a  normal  temperature,  the 
expansion  brings  the  temperature  below  that  of  the  surround- 
ing objects.     In  other  words,  the  air  is  cooled. 

When  the  piston  in  B  reaches  the  upper  limit  of  its  stroke, 
the  valve  S!  opens;  and  as  the  piston  descends,  the  cooled 
air  escapes  by  means  of  the  pipe  T  into  the  refrigerator 
box  D, 

The  difference  between  the  work  done  on  the  air  in  the 
compression  cylinder  and  that  done  by  the  air  in  the  expan- 
sion cylinder,  and,  in  addition,  the  work  required  to  over- 
come the  friction  of  the  entire  machine,  must  be  supplied  by 
a  steam  engine  or  other  motor. 

10.  Air  at  any  ordinary  temperature  can  hold  a  certain 
amount  of  water  vapor  in  suspension.  The  limit,  or  point 
of  saturation,  that  is,  the  point  at  which  the  air  can  hold  no 
more  water  vapor,  is  called  the  dew  point.  When  this  point 
is  reached,  the  excess  of  moisture  above  that  which  the  air  is 
able  to  hold  is  precipitated  in  the  form  of  dew.  The  weight 
of  moisture  contained  in  a  given  volume  of  air  at  the  dew 
point  is  not  the  same  for  all  temperatures;  in  fact,  air  will 
hold  in  suspension  four  times  the  weight  of  moisture  at  72° 
that  it  will  at  32°.  Assume  that  the  air  on  entering  the 
expansion  cylinder  B,  Fig.  1,  is  at  a  temperature  of  72°  and 
is  saturated  with  moisture.  As  the  temperature  falls  during 
expansion,  the  water  is  gradually  precipitated  and  condenses 
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on  the  walls  of  the  cylinder.  This  water  cools  as  the  expan- 
sion goes  on  until  it  reaches  32°,  when  it  freezes.  The  con- 
densation, cooling,  and  freezing  of  the  water  greatly  decrease 
the  useful  effect  of  the  machine.  Besides,  the  snow,  which 
is  the  result  of  freezing  the  moisture,  often  gives  trouble  by 
clogging  the  valves. 

11.  The  Haslam  Foundry  and  Engineering  Company. 
Derby.  England,  makes  what  is  known  as  a  dry-air  syilem. 
They  place  a  drier  in  the  suction  pipe  from  the  condenser  to 
the  expansion  cylinder.     The  compression  cylinder  A,  Fig.  2, 


takes  the  cold  air  from  the  refrigerator  box  D\  on  its  way  to 
A,  this  cold  air  passes  through  the  pipes  of  the  drier  Af.  The 
cold  strikes  through  these  pipes  and  cools  the  air  surroundine 
the  pipes  on  its  way  from  the  receiver  R  to  the  expansion 
cylinder  B.  The  air  gives  up  a  large  percentage  of  its  mois- 
ture in  the  drier,  and  the  frosting  in  the  cylinder  B  is  much 
diminished.  


ALLEN    DBNSE-AIR    REFRIGBRATINQ    MACUINB 

12.  The  air-refrigerating  machines  described  in  Arts.  9 
and  H  take  in  air  from  the  surrounding  atmosphere  at  every 
stroke;  in  the  Allen  dense-air  machine,  however,  air  is 
used  under  an  initial  pressure  of  about  60  pounds  per  square 
inch  and  the  same  air  is  used  over  and  over  again. 

A  small  supplementary  pump  attached  to  the  machine 
charges  the   system  and  machine   with   air  at   the    eiven 


§20 


REFRIGERATION 


pressure,  and  serves  to  make  up  any  loss  due  to  leakafi:e.  The 
advantage  of  using  air  under  pressure  is  as  follows:  The 
amount  of  heat  that  a  given  volume  of  air  can  abstract  from 
a  warmer  body  varies  directly  as  the  weight  of  the  given 
volume.  That  is,  if  a  given  volume  Of  air  weighs  5  pounds, 
it  can  abstract  five  times  the  quantity  of  heat  from  the  warmer 
body  that  can  be  abstracted  by  an  equal  volume  weighing 
only  1  pound.  This  allows  a  smaller  conveying  pipe  to  be 
used,  and  also  allows  the  machine  to  be  placed  at  some 
distance  from  the  refrigerating  box  or  ice-making  tank. 
Naturally,  the  smaller  the  pipe  conveying  the  cold  air  to  the 
refrigerating  box,  the  less  surface  there  is  for  the  absorption 
of  heat  from  the  surrounding  air  and  consequent  warming  of 
the  cold  air;  hence,  with  the  small  pipe  used  in  this  machine, 
the  cold  air  can  be  conveyed  farther  for  a  given  rise  of 
temperature. 

13.     A  general  perspective  view  of  one  form  of  the  Allen 
dense-air  machine  is  given  in  Fig.  3,  and  a  diagrammatic 


illustration  of  a  V)lant  employing  that  machine  is  shown  in 
Fig.  4.  The  machine  consists  of  the  following  parts:  a  steam 
cylinder v4,  an  air  compressor  5,  an  air  expander/',  a  cooler  C, 
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a  water  pump  F,  which  supplies  the  coolins;  water  to  the 
cooler,  a  primer  pump  G  for  charging  the  machine  with  com- 
pressed air,  and  a  trap  H,  in  which  the  initial  charge  of  air 
parts  with  nearly  all  of  its  moisture.  The  steam  piston,  air- 
compressor  piston,  and  expander  piston  are  coupled  to  the 
same  crank-shaft. 

14.  The  operation  of  the  machine  is  as  follows:  On 
starting  up,  the  primer  pump  charges  the  system  with  air 
taken  from  the  surrounding  atmosphere,  compressing  it  to 
a  pressure  of  from  60  to  65  pounds.  This  air,  heated  by  the 
compression,  is  discharged  into  the  trap  H,  where  it  is  cooled 
by  coming  in  contact  with  the  cold  head  of  the  cooler  C  On 
cooling,  it  deposits  most  of  its  moisture  in  this  trap.  The 
primer  pump  runs  continually,  and  thus  keeps  up  the  initial 
pressure;  any  excess  of  air  beyond  that  required  is  discharged 
through  a  small  safety  valve.  From  the  trap,  the  compressed 
and  cooled  air  passes  into  the  double-acting  air  compressor  B, 
where  the  initial  charge  is  compressed  to  a  pressure  of  from 
210  to  225  pounds.  The  heat  is  abstracted  from  the  air 
by  passing  it  through  a  copper  coil  inside  the  cooler  C, 
through  which  the  cooling  water  is  constantly  circulated  by 
the  pump  F,  The  air  under  high  pressure  is  here  cooled  to 
nearly  the  temperature  of  the  cooling  water,  and  passes  from 
the  cooler  to  the  expander  cylinder,  where  it  is  cut  off  at 
one-third  of  the  stroke,  and  in  expanding  does  work.  Its 
temperature  is  thus  lowered  to  from  35°  to  55°  F.  below 
zero.  The  expanded  cold  air,  which  is  now  at  a  pressure  of 
from  60  to  65  pounds,  then  passes  into  an  oil  trap  E,  where 
it  parts  with  most,  if  not  all,  of  the  lubricating  oil  used  in 
the  compressor  and  expander.  All  snow,  due  to  unremoved 
moisture  in  the  air,  is  gathered  here.  This  trap  is  steam- 
jacketed;  the  steam  is  turned  on,  however,  only  when  it  is 
desired  to  move  the  oil  and  the  snow  from  the  trap.  The 
air  now  passes  through  coils  of  pipe  in  the  ice  box  T  and 
refrigerating  room  A';  the  coils  of  the  refrigerating  room  are 
shown  at  L,  From  there  it  passes  through  the  drinking- 
water   butt  M  and   returns    to  the   compressor   inlet.     By 
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passing  the  cold  air  through  coils,  a  large  heat-absorbing  sur- 
face is  provided;  in  its  passage  through  these  coils,  the  cold 
air  absorbs  the  heat  of  the  warmer  air  surrounding  the  coils, 
and  thus  cools  it.  Naturally,  the  cold  air  becomes  warmer. 
In  some  instances,  the  return  air,  which  is  still  quite  cold, 
is  passed  through  a  special  cooler,  where  it  cools  the  highly 
compressed  air  coming  from  the  cooler  C,  thus  furnishing 
the  expander  cylinder  with  cooler  air  than  could  be  obtained 
otherwise.  If  this  is  done,  the  builder  claims  that  a  tem- 
perature of  from  70^  to  90°  F.  below  zero  is  obtained.  J 


EXAMPLES    FOR    PRACTICE 

1.  A  refrigerating  machine  produces  ihe  refrigeraiing  effect  of 
the  melting  uf  15  tons  of  ice  id  24  hours;  how  niHDy  British  thermnl 
units  does  it  abstract?  Ans.  4,320,000  B.  T.  U. 

2.  A  refrigerating  machine  producing  the  refrigerating  effect  o! 
the  melting  o!  20  toes  of  ice  requires  5,000  pounds  of  coal  in  24  houre 
to  operate  it;  how  many  pounds  of  ice,  in  ice-raelting  effect,  is  this 
equivalent  to,  per  pound  of  coal?  Ans.  8  tb. 

3.  lo  esarople  2,  if  the  coal  cost  $S  per  ton,  what  will  be  the  cost, 
per  ton  of  ice,  in  Ihe  ice-melting  effect  produced?       Ans.  $.625  per  T, 

4.  The  tc«-making  capacity  of  the  refrlgferatlng  machine  mentioned 
in  examples  2  and  3  is  60  per  cent,  of  its  refrigerating  capacity;  what 
nill  tie  tbe  cost  per  ton  of  the  ice  made  by  it?  Ans.  fl.04  per  T. 

liATENT-HEAT  REFRIGERATION 


«EFRI0ERAT1N<J    AGENTS 

15.  Requirements.— The  air-refrigerating  machine 
produces  its  refrigerating  effect  by  means  of  the  fall  of 
temperature  incident  to  adiabatic  expansion.  In  all  other 
refrigerating  machines,  the  abstraction  of  heat  is  brought 
about  by  Ihe  vaporization  of  some  liquid  having  a  low  boil- 
ing point.  Such  machines  may  be  classed  as  latent-beat 
refrlKerattue  ninclilneH.  Theoretically,  any  volatile 
liquid  may  be  used  as  a  working  fluid  in  a  latent-heat 
machine;   there  are,  however,   various   considerations   of  a 
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practical  nature  that  govern  the  choice  of  the  liquid.  The 
chief  requisites  of  the  fluid  used  are:  (1)  It  should  vaporize 
at  a  low  temperature  when  at  ordinary  atmospheric  pres- 
sure; (2)  it  should  have  a  high  latent  heat.  The  fluids  that 
have  been  used  in  compression  machines  are  ether^  sulphur 
dtoxicUy  Pictet  fluids  carbon  dioxide^  and  anhydrous  ammonia, 

16.  Table  I  gives  the  boiling  points,  latent  heats,  and 
specific  heats  of  various  liquids  at  atmospheric  pressure, 
14.7  pounds  per  square  inch. 

TABIiE  I 
PROPERTIES    OF    REFRIGERATING    AGENTS 


Liquid 


Nitric  acid    .    . 
Saturated  brine 
Water    .... 
Alcohol     .    .    . 
Chloroform 
Ether,  Sulphurous 
Ether,  Methyl     .    . 
Sulphur  dioxide 
Anhydrous  ammonia 
Carbon  dioxide    .    . 


Temperature 

of  Boiling 

Point 

Degrees  Fah- 
renheit 


248.0 
226.0 
212.0 

173.0 

140.0 

95.0 

—  lo.o 

14.0 

-28.5 

-140.0 


Latent  Heat 
B.  T.  U. 


966.0 


170.0 

168.7 
573.0 
121. o 


Specific  Heat 
of  Liquid 


1 .0000 


.5299 

.4100 

1.0058 

.9950 


17.  Ether. — Early  in  the  history  of  ice-making  and 
refrigerating  machines,  etlier  was  almost  universally  used 
on  account  of  its  high  condensing  temperature  and  consequent 
low  condensing  pressure.  This  low  condensing  pressure 
made  it  possible  to  use  compression  pumps  of  ordinary  con- 
struction, very  much  after  the  style  and  pattern  of  air  pumps. 
However,  the  disadvantages  of  the  use  of  ether  were  found 
to  be  very  great;  thus,  the  first  cost  of  ether  is  considerable, 
it  is  very  inflammable,  and  liable  to  explode  when  mixed  with 
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air.  Furthermore,  owing  to  the  density  of  the  vapor  at  the 
required  working  pressure,  the  compression  cylinder  must  be 
very  large,  viz.,  six  times  larger  than  for  sulphur  dioxide  and 
seventeen  times  larger  than  for  ammonia. 

18.  Sulphur  Dioxide.— The  ubjections  to  ether  led  to 
further  investigation.  Sulithiir  dioxide  was  found  to  be 
more,  efficient  than  ether,  for  though  it  required  a  higher 
condensing  pressure,  it  did  not  require  to  be  evaporated 
under  a  vacuum.  Consequently,  the  compression  pumps 
were  made  somewhat  smaller  for  a  given  capacity,  but  were 
built  stronger  and  more  attention  was  given  to  the  elimina- 
tion of  clearance  spaces.  The  temperatures  produced  with 
sulphur  dioxide,  though  lower  than  those  obtained  with 
ether,  were  not  sufficiently  low. 

19.  rietet  Fluid.— It  was  found  by  Professor  Pictet,  a 
Swiss  physicist,  that  a  mixture  of  97  per  cent,  of  sulpfaur 
dioxide  and  3  per  cent,  carbon  dioxide,  commonly  known  as 
carbonic-acid  gas,  gives  a  boiling  point  14'*  F.  lower  tban 
pure  sulphur  dioxide.  This  liquid  has  been  since  known  as 
Pictet  riiild.  Its  lalent  heat  has  never  been  closely  deter- 
mined, but  is  probably  nearly  the  same  as  that  of  pare 
sulphur  dioxide. 

20.  Carbon  Dioxide. — The  lowest  boiling  point  of  any 
of  the  liquids  employed  at  present  in  refrigeration  is  pos- 
sessed by  carbon  dioxide.  Under  a  gauge  pressure  of 
200  pounds  per  square  inch,  it  will  boil  at  a  temperature  of 
about  —  22°  F.  Its  condensing  pressure  is  correspondingly 
high,  being  about  900  pounds  per  square  inch  lor  a  water 
temperature  of  70°  F. 

21.  Ammonia. — One  atom  of  nitrogen  combines  with 
three  atoms  of  hydrogen  to  form  one  molecule  of  smtnonla; 
this  is  the  only  combination  of  these  two  elements.  The 
ordinary  ammonia  of  commerce  is  a  solution  of  atnmonia 
gas  in  water,  and  is  properly  known  as  aqua  ammonia.  The 
gas  that  passes  oft  from  the  aqua  ammonia  is  the  ammonia 
formed  by  the  combination  of  nitrogen  and  hydrog;en.    When 
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this  gas  is  entirely  free  from  vapor  of  water  it  is  called 
anhydrous-aninioula  k^s. 

Ammonia  gas,  when  liquefied  under  a  high  pressure  and 
allowed  to  evaporate  under  atmospheric  pressure,  gives  a 
temperature  of  28.5°  F.  below  zero.  Liquid  anhydrous 
ammonia,  when  subjected  to  a  temperature  of  —  115°  F., 
freezes  and  forms  a  solid;  in  this  state,  it  is  almost  odorless 
and  is  heavier  than  the  liquid  for  a  given  volume. 

Ammonia  has  no  effect  on  either  iron  or  steel,  but  rapidly 
corrodes  copper  and  brass.  It  is  therefore  necessary  to  make 
the  parts  of  ammonia  machines  out  of  the  former  metals. 
At  a  temperature  of  900°  F.  the  gas  is  resolved  into  its  con- 
stituent elements.  But  is  is  probable  that  this  dissociation 
occurs  to  a  limited  degree  at  much  lower  temperatures. 

Ammonia  is  not  inflammable  at  ordinary  temperatures. 
The  liquid  will  not  explode,  but  when  run  into  drums  or 
flasks,  room  should  be  left  for  expansion.  Like  almost  all 
liquids,  ammonia  expands  when  heated,  and  if  sufficient 
space  is  not  left  the  flask  is  likely  to  burst  if  exposed  to  a 
high  temperature. 

22.  Aqua  ammonia,  known  also  as  ammonia  liquor,  is 
a  solution  of  ammonia  gas  in  water.  At  32°  F.  and  under 
atmospheric  pressure,  water  will  absorb  1,140  times  its  vol- 
ume of  ammonia  gas.  The  amount  of  gas  held  in  solution 
affects  the  specific  gravity  of  the  solution;  the  more  gas 
absorbed,  the  less  is  the  density.  The  amount  of  ammonia 
that  can  be  absorbed  by  water  is  governed  by  the  tempera- 
ture of  the  water  and  the  pressure  of  the  gas.  The  colder 
the  water  and  greater  the  pressure,  the  greater  is  the  quantity 
of  ammonia  taken  up. 

The  strength  of  a  solution  of  ammonia  gas  in  water  is 
measured  by  a  hydrometer.  When  this  instrument  is  placed 
in  a  liquid,  it  is  evident  that  it  will  sink  deeper  the  less  is  the 
density  of  the  liquid;  hence,  the  density  will  be  indicated  by 
the  mark  on  the  scale  at  the  level  of  the  liquid.  For  liquids 
lighter  than  water,  the  point  to  which  the  instrument  sinks 
when  placed  in  a  solution  of  ten  parts  of  salt  to  ninety  of 
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water  is  marked  0°,  and  the  point  to  which  it  sinks  in  dis- 
tilled water  is  niarked  10°.  The  space  between  the  two 
marks  is  divided  into  ten  parts  and  the  division  is  continued 
to  the  top  of  the  stem.  The  hydrometer  thus  graduated  is 
TABI^E  II 
aTRBNorn  of  ammonia  liquor 


Percentage  of 
Ammonia  by        Specif 
Weight 

c  Graviiy 

Degree.  o„ 

Hydrv>meter 

Water  10° 

Water  0° 

0                               I 

OCiQ 

10.0 

0.0 

I 

993 

II.O 

0 

2 

986 

12.0 

0 

4 

979 

130 

0 

6 

972 

14.0 

0 

8 

966 

lS-0 

0 

to 

960 

16.0 

0 

13 

953 

17.1 

7 

0 

M 

945 

18.3 

8 

i6 

938 

I9-S 

9 

i8 

931 

20.7 

10 

20 

925 

21.7 

23 

919 

22.8 

24 

9'3 

23.9 

36 

907 

24.8 

28 

902 

2S-7 

30 

897 

26.6 

16 

32 

892 

275 

17 

34 

888 

28.4 

18 

36 

884 

29.3 

19 

38 

880 

30.2 

30 

generally  used  for  ammonia  solutions,  though  there  is 
another  graduation  in  which  the  reading  for  pure  water  is  0° 
instead  of  10°. 

The  specific  gravity  of  aqua  ammonia  and  the  percentage 
of   ammonia    gas,   corresponding   to    a    given    hydrometer 
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reading  on  either  of  the  gfraduations  mentioned,  are  given  in 
Table  II.  In  this  table,  the  first  column  gives  the  number 
of  parts  of  ammonia  gas  in  one  hundred  parts  of  the  solution; 
the  second  column  gives  the  specific  gravity  of  the  solution; 
and  the  third  column  gives  the  corresponding  reading  on  the 
hydrometer.  For  example,  if  the  hydrometer  reading  is  16.*^, 
the  solution  consists  of  ten  parts,  by  weight,  of  ammonia  to 
ninety  parts  of  water,  and  the  specific  gravity  of  the  solution 
is  .960,  the  point  to  which  the  hydrometer  sinks  in  distilled 
water  being  marked  10°. 

23.  All  chemical  actions,  as  well  as  solutions  and 
absorptions,  are  accompanied  by  an  increase  or  decrease  in 
the  temperature  of  the  mixture.  This  is  especially  true  of 
absorptions.  In  the  case  of  ammonia  absorbed  in  water,  925.7 
British  thermal  units  is  given  up  for  each  pound  of  ammonia 
gas  absorbed  under  atmospheric  pressure.  Though  no  very 
exhaustive  experiments  have  been  made  on  this  subject, 
results  deduced  from  the  practical  running  of  refrigerating 
machines  show  that  this  figure  is  practically  constant.  Since 
heat  is  given  up  when  ammonia  gas  is  absorbed,  heat  will  be 
absorbed  when  the  gas  is  again  liberated  from  the  water. 
The  quantity  of  heat  necessary  to  liberate  1  pound  of  anhy- 
drous gas  is  925.7  British  thermal  units,  the  same  amount 
that  is  given  out  by  the  liquid  when  the  gas  is  being  absorbed. 

24.  If  it  is  desired  to  test  the  purity  of  liquid  anhydrous 
ammonia,  draw  some  into  a  fiask  having  a  cork  with  a  bent 
tube  inserted  in  it.  Wrap  the  flask  in  dry  waste  or  cloth 
before  drawing  off  the  ammonia,  or  the  fingers  may  be  frozen 
fast  to  the  flask.  The  liquid  ammonia  evaporates  slowly,  the 
gas  passing  out  of  the  bent  tube.  If  an  accurate  low-tem- 
perature thermometer  is  immersed  in  the  boiling  liquid,  it 
should  indicate  a  temperature  of  —28.5°  F.,  with  normal 
baiometric  pressure.  If  the  liquid  is  pure  anhydrous 
ammonia,  there  should  be  no  residue  left  in  the  flask;  a 
deposit  of  oil  or  water  indicates  impure  ammonia. 

To  detect  a  leak  in  piping,  in  case  the  odor  does  not 
betray  it,  hold  a  ^lass  rod  moistened  with  muriatic  acid  near 
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the  mpposed  leak;  a  white  ftime  rising  from  the  rod  indi- 
cates an  eacape  of  ammoqia. 

To  detect  ammonia  leaks  in  piping  under  water  or  brine, 
add  to  a  sample  of  the  suspected  liquid  a  few  drops  of 
NetsUr't  rMgaU;  a  yellow  coloring  indicates  traces  of 
.  animonia,  bat  if  the  qoantity  of  ammonia  ts  large,  the  color 
dianset  to  a  daik  browa.  To  prepare  Nessler's  reagent, 
diasolre  I  oimce  of  mercnric  chloride  in  abont  1(H  ounces  of 
diatllled  water;  dissolve  li  ounces  of  potassium  iodide  in 
8t  ouoces  of  water;  add  the  former  solution  to  the  latter. 
with  constant  stirring,  nntil  a  slight  permanent  red  precipi- 
tate is  produced.  Next,  dissolve  4i  ounces  of  potassium 
hydrate  in  about  7  ounces  of  water;  allow  the  solution  to 
cool;  add  It  to  the  above  solution,  and  make  up  with  water 
to  35i  onnces,  then  add  mercuric-chloride  solution  until  a 
permanent  precipitate  as^in  forms;  allow  it  to  stand  until 
settled,  and  decant  off  the  clear  solution  for  use;  keep  it  in 
glass-stoppered  blue  bottles,  and  set  away  in  a  dark  place  to 
kec^  it  from  decomposing. 

2ff.  Cooltns  Effects  of  TKriona  Befrisermtlns 
Agents. — The  density  of  the  gas  at  the  evaporating  tem- 
perature and  the  latent  heat  of  the  liquid  determine  the  size 
of  the  compression  cylinder  necessary  for  any  required 
capacity.  The  same  machine  working  between  b"  and  64.4° 
will  give  the  following  cooling  effects  per  cubic  foot  of 
compressor-piston  displacement  under  theoretically  perfect 
conditions: 

BarnsH  Tbkrmal 
Ukits 

Carbon  dioxide 248.18 

Ammonia 62.75 

Sulphur  dioxide 22.88 

Sulphuric  ether 3.68 

AHHONIA-COMFRESSION    8T8TBH 

26.  General  Description.  —  Suppose  that  a  flask  or 
ordinary  bottle  B,  Fig.  5,  supplied  with  a  cork  having  a  bent 
tube  G  inserted,  is  partly  filled  with  anhydrous  animonia. 
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This  can  be  done  easily,  as  the  evaporation  of  the  ammonia 
is  comparatively  slow,  owing  to  its  high  latent  heat.  As  the 
ammonia  enters  the  flask,  frost  will  begin  to  gather  on  the 
outside.  If  this  flask  is  now  placed  in  a  pail  A  partly 
filled  with  water  C,  in  a  short  time  ice  D  will  begin  to  gather 
on  the  outside  of  the  flask.  This  is  the  simplest  form  of  ice 
machine,  but  in  this  form  the  liquid  ammonia,  when  it  evap- 
orates, passes  out  of  the  flask  and  is  lost. 

As  with  all  volatile  vapors,  the  temperature  at  which  vapo- 
rization (or  condensation)  occurs  rises  as  the  pressure  of  the 
vapor  increases.  To  prove  this,  insert  a  thermometer  into 
the  flask  so  that  the  bulb  is  immersed  in  the  boiling  ammonia. 
The  temperature  will  fall  rapidly,  and.  if  the  thermometer  is 
correct,  should  register  28.5°  below 
zero.  Take  a  piece  of  pipe;  weld  or 
plug  one  end  and  fit  the  other  with  a 
cap  5,  Fig.  6.  Arrange  a  stufiingbox 
C  about  the  thermometer  T  in  the 
cap.  Also  provide  an  opening  con- 
necting with  the  pressure  gauge  P. 
Unscrew  the  cap  and  pour  the  con- 
tents of  the  flask  into  the  pipe  A,  and 
screw  on  the  cap  B.  If  the  gauge 
points  to  zero,  the  thermometer 
should  still  read  -28.5°  F.  Watch  the  '''°  ' 

gauge  and  thermometer  carefully.  The  ammonia  evapora- 
ting in  the  pipe  liberates  gas.  As  this  gas  cannot  escape,  it 
creates  a  pressure  in  the  pipe,  which  will  be  shown  on  the 
gauge,  and  a  corresponding  increase  in  the  temperature  of  the 
boiling  ammonia  will  become  apparent.  This  will  continue 
until  the  temperature  of  the  liquid  will  be  identical  with  the 
surrounding  objects.  Assume  this  temperature  to  be  about 
70°  F,;  the  gauge  should  then  show  a  pressure  of  130  pounds 
■per  square  inch.  If,  therefore,  the  temperature  of  the  pipe 
is  kept  at  70°  by  immersing  it  in  water  at  that  temperature, 
and  a  pressure  slightly  in  excess  of  130  pounds  per  square 
inch  is  kept  in  the  pipe,  no  further  evaporation  will  take  place, 
and  the  remaining  liquid  ammonia  will  lie  quietly  in  the  pipe. 
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27.  It  is  apparent  that  if  some  means  be  devised  nf 
taking  the  evaporating  gas  as  it  leaves  the  flask  in  Fig.  < 
and  transferring  it  into  the  pipe  of  Fig.  C.  it  will  be  possible 
to  save  the  gas.  In  place  of  a  short  piece  of  pipe  .-/.  Fig.  6. 
submerge  a  large  coil  of  pipe  A,  Fig.  7,  in  a  lank  of  water  C. 
The  water  enters  by  means  of  the  pipe  /■",  and  overflows  by 
the  pipe  F';  the  continuous  flow 
tends  to  keep  the  temperature  of 
the  coil  .-I  constant.  Replace  the 
flask  B,  Fig.  5,  with  a  coil  of 
pipe  B,  Fig.  7,  immersed  in  a 
water  tank  D.  Provide  a  pump 
capable  of  working  against  a  bigh 
pressure,  and  connect  the  suction 
of  the  pump  with  the  coil  B,  and 
the  discharge  with  the  coil  ,-l. 
Also  provide  pressure  gauges  (i', 
G  on  each  line.  Connect  the  | 
bottom  of  the  two  coils  together, 
and  place  a  valve  F  in  the  line. 
Partly  fill  the  coil  .'t  with  anhy- 
drous ammonia.  If  the  tempera- 
ture of  the  water  in  C  is  about 
70°,  the  gauge  C  will  show  a 
pressure  of  130  pounds.  Open 
the  valve  E  slightly,  and  leave  it 
open.  The  pressure  denoted  by 
the  gauge  G  will  gradually  rise, 
and  ice  will  begin  to  form  on  the 
lower  pipes  of  B.  When  the 
^'°  '  pressure  shown  by  G  has  reached 

15  pounds,  start  the  pump  P,  which  will  draw  the  gas  out  of 
the  coil  B,  compress  it,  and  deliver  it  to  the  coil  A.  The  gas 
entering  A,  which  has  been  heated  by  the  compression,- 
comes  in  contact  with  the  cold  pipe  surface,  and  is  first 
cooled  until  its  temperature  is  but  little  above  that  of  the  con- 
densing water  flowing  out  through  F'.  The  gas  then  con- 
denses and  falls  to  the  bottom  of  the  coil  in  the  form  of 
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liquid  aohydrous  ammonia.  As  the  valve  E  is  open,  the  coil 
A  is  prevented  from  filling  up.  The  withdrawal  of  a  quan- 
tity of  the  gas  in  the  coil  B  tends  to  decrease  the  pressure 
in  that  coil;  however,  a  quantity  of  the  liquid  passes  from 


A  to  B,  through  the  expansion  valve  E,  vaporizes,  and  sup- 
plies an  amount  of  gas  equal  to  that  withdrawn  by  the  pump. 
28.  Dry  Compression,  Wet  Compression,  and  Oil 
Injection. — If  ammonia  vapor  is  compressed  adiabatically, 
it  will  be  superheated,  as  the  work  done  on  the  vapor  by 
the  piston  is  stored  in  the  vapor  in  the  form  of  heat.  This 
heat  must  be  got  rid  of  during  the  period  of  compression, 
since  otherwise  it  must  be  absorbed  by  the  condensing  water 
before  the  vapor  can  be  cohdensed.  It  is  most  economi- 
cal to  remove  the  heat,  as  far  as  possible,  as  fast  as  it  is 
generated,  and  to  keep  the  temperature  of  the  cylinder 
comparatively  low  throughout  the  compression.  In  fact, 
it  is  absolutely  necessary  to  employ  some  method  of 
keeping  the  cylinder  cool,  otherwise  the  excessive  heat 
developed  in  compression  will  soon  become  so  great  that 
the  gas  will  enter  the  cylinder  in  a  greatly  superheated 
state,  which  will  lessen  its  density.  This  decrease  in  density 
will  naturally  cause  a  corresponding  decrease  in  the  weight 
«f  gas  pumped  in  a  given  time,  thus  affecting  both  capacity 
and  economy. 
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29.  Various  expedients  are  resorted  lo  for  the  purpose 
of  abstracting  the  heat  of  compression.  The  simplest  of 
these  is  jacketing  the  cylinder  with  water;  this  method  is 
known  as  the  dry-eompresslon  system.  The  g^s  enters 
the  cylinder  in  a  nearly  saturated  stale;  the  instant  that  com- 
pression begins,  the  vapor  would  become  immediately  super- 
heated if  the  heat  were  not  carried  off  by  the  cold  water 
surrounding  the  cylinder. 

The  majority  of  compressors  built  in  the  United  States 
are  of  the  water- jacketed,  dry -compression  type.  In  the 
case  of  vertical  compressors,  the  water-jackets  are  merely 
small  tanks  enclosing  the  walls  of  the  cylinder,  and  are 
sufficiently  high,  so  that  the  top  head  of  the  cylinder  is 
also  immersed.  They  are  open  at  the  top  and  the  water 
passes  off  by  gravity.  Horizontal  compressors  are  usually 
water-jacketed  on  the  cylinder  walls  only,  the  heads  being 
unjacketed, 

30.  In  the  Mret-conipresslon  system,  the  cylinder  is 
not  jacketed,  but  a  certain  amount  of  liquid  anhydrous 
ammonia  is  allowed  lo  enter  the  cylinder  with  each  stroke 
of  the  compressor;  the  miztnre  of  vapor  and  liquid  remains 
saturated  while  it  is  compressed,  since  the  heat  equivalent 
of  the  work  of  compression  is  taken  up  by  the  vaporiza- 
tion of  a  part  of  the  liquid,  and  the  vapor  remains  at  the 
temperature  due  to  the  pressure. 

The  injection  of  a  small  quantity  of  anhydrous  ammonia 
to  cool,  by  its  evaporation,  the  walls  of  the  cylinder  was  the 
invention  of  Prof.  C,  P.  G,  Linde,  of  Munich,  Germany. 
The  machines  built  under  this-  system  bear  his  name  and  are 
of  the  horizontal,  double-acting  type.  The  temperature  of 
the  gas  leaving  the  compressor  in  case  of  the  Linde  machine 
is  much  lower  than  that  in  the  dry -compression  system,  and 
the  theoretical  economy  is  somewhat  higher, 

31.  A  third  method  of  removing  the  heat  of  compression 
is  employed  in  the  so-called  oil- injection  system,  which  is 
a  modification  of  the  wet-compression  system,  and  is  used 
by  the  De  La  Vergne  Refrigerating-Machine  Company,  of 


§  20  REFRIGERATION  23 

New  York.  Instead  of  permitting  anhydrous  ammonia  to 
enter  the  cylinder,  a  certain  quantity  of  oil  is  injected  during 
the  stroke;  the  oil  cools  the  gas  during  compression,  seals 
the  valves,  and  cuts  down  the  clearance  space. 

In  the  earlier  machines,  a  small  quantity  of  oil  was  admitted 
into  the  compression  cylinder  during  suction  and  was  expelled 
at  compression.  The  mixture  of  oil  and  gas  at  a  somewhat 
high  temperature  passed  to  the  oil  separator,  where  the  oil 
was  separated  from  the  ammonia  gas.  The  gas  passed  on 
to  the  condenser  in  its  regular  cycle;  the  oil  was  taken  from 
the  separator,  passed  through  a  cooling  coil  immersed  in 
running  water,  and  was  then  allowed  to  run  into  a  receiver, 
from  which  it  again  passed  into  the  suction  pipe.  As  by  this 
method  a  certain  quantity  of  oil  was  allowed  to  enter  with 
the  gas,  the  volume  of  the  gas  entering  the  cylinder  at  each 
stroke  was  decreased  in  proportion  to  the  amount  of  oil 
injected;  in  case  a  considerable  quantity  of  oil  was  fed  in, 
this  would  cut  down  the  capacity  appreciably.  In  order  to 
obviate  this  difficulty,  the  De  La  Vergne  Refrigerating- 
Machine  Company,  in  its  new  compressors,  injects  oil  by 
means  of  a  small  pump  after  the  work  of  compression  has 
set  in,  and  not  during  suction  as  formerly.  This  also  per- 
mits the  oil  to  be  kept  fully  charged  with  ammonia. 


AMMONIA-ABSORPTION    SYSTEM 

32.  The  action  of  a  refrigerating  system  of  the  absorp- 
tion type  is  based  on  the  affinity  of  a  vapor,  usually  ammonia 
vapor,  for  water.  If  heat  be  applied  to  a  strong  aqua- 
ammonia  solution,  the  ammonia  gas  or  vapor  will  be  driven 
off  at  a  relatively  high  pressure,  and  when  passed  through  a 
condensing  coil  will  condense  to  the  liquid  state.  The  liquid 
can  now,  just  as  in  the  compression  system,  be  admitted  to 
a  refrigerating  coil  through  an  expansion  valve.  In  this  coil, 
it  will  vaporize  and  withdraw  heat  from  the  surrounding 
objects.  The  vapor  may  now  be  again  absorbed  by  water, 
thus  regaining  its  original  state  and  closing  the  cycle  of 
operations. 
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33.  The  essential  features  of  the  absorption  system  are 
shown  in  Fig.  8.  Steam  is  admitted,  at  a  gauge  pressure  of 
about  40  pounds  per  square  inch,  to  a  coil  /?  submerged  in  a 
strong  solution  of  aqua  ammonia  contained  in  the  vessel  ^-f. 
The  temperature  of  the 
solution  will  be  raised 
nearly  to  that  of  the  in- 
coming steam,  say  to 
about  270'^  F..  and  the 
heat  absorbed  will 
cause  the  ammonia  gas 
to  be  driven  off  at  a 
pressure  of.  say.  160 
pounds  per  square  inch. 
As  the  temperature 
of  the  solution  is  below 
ihe  boiling  point  of 
water  for  this  pressure. 
no  water  will  evaporate, 
and  only  ammonia  gas 
will  pass  over  into  the 
condenser  C.  The  cold 
water  flowing  ov^er  the 
condensing  coils  ab- 
sorbs heat  from  the 
gas.  and  the  combined 
effect  of  the  high  pres- 
sure and  the  cooling 
action  of  the  water 
liquefies  the  gas. 

As  the  ammonia  liq- 
uid passes  through  the 
expansion  valve  to  the 
expansion  coils,  the 
"  pressure  is  reduced, 

reevaporation  begms  m  the  expansion  coils,  and  heat 
is  absorbed  from  the  brine  or  other  substance  in  the 
tank  £>. 
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In  the  compression  system,  the  ammonia  pump  draws  the 
gas  from  the  expansion  coils;  but  in  the  absorption  system, 
the  removal  of  the  gas  is  effected  by  allowing  the  gas  from 
the  expansion  coils  to  mingle  with  the  weak  solution  of 
ammonia  from  which  the  gas  was  expelled  in  the  still,  or 
generator,  A, 

During  the  process  of  generating  the  ammonia  gas  in  the 
still  A,  the  strong  solution  rises  to  the  top  on  account  of  its 
smaller  specific  gravity,  and  the  weaker  solution  settles  to 
the  bottom  and  flows  through  a  pipe  to  the  vessel  E^  called 
the  absorber.  Here  it  meets  the  gas  as  it  comes  from  the 
expansion  coil  and  absorbs  it.  Since  a  low  temperature  is 
required  for  efficient  absorption,  the  weak  liquor  on  its  way 
to  the  absorber  passes  through  a  coil  W  that  is  cooled  by 
running  water.  The  absorber  E  is  also  provided  with  a  water 
coil  F,  A  small  pump  P  takes  the  strong  liquid  from  near 
the  top  of  the  absorber  and  forces  it  back  into  the  generator; 
this  completes  the  cycle  of  operations. 


APPLICATION  OF  REFRIGERATION 


REFRIGERATING    SYSTEMS 

34.  There  are  two  widely  used  systems  of  refrigeration, 
viz.,  the  brine  and  the  direct  expansion.  In  the  former  sys- 
tem, the  expansion  coils  are  immersed  in  a  tank  of  brine; 
this  brine,  which  is  a  non-freezing  solution,  gives  up  its  heat 
to  the  ammonia  evaporating  in  the  coils  or  to  the  cold  air 
passing  through  them;  it  is  then  pumped  through  coils  of 
pipe  placed  on  the  sides  or  ceiling  of  the  room  to  be  cooled. 
The  circulating  brine  thus  continually  absorbs  heat  from  the 
cold  room  and  gives  it  to  the  ammonia  or  air. 

In  the  direct-expansion  ammonia,  or  air,  system, 
the  ammonia  or  air  is  admitted  directly  into  the  coils  in  the 
rooms  to  be  refrigerated.  The  heat  of  the  cold  room  is 
taken  up  by  the  ammonia  or  air  directly,  and  the  intermedi- 
ate agent,  brine,  is  not  employed.  The  difference  between 
the  two  systems  may  be  explained  as  follows:     In  Fig.  7, 
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suppose  the  expansion  coil  5  to  be  a  comparatively  short  or 
compact  coil,  and  let  the  vessel  D  he  a  tank  containing 
brine;  this  arrangement  constitutes  the  brine  system.  On 
the  other  hand  suppose  the  vessel  D  to  represent  the  room 
or  rooms  to  be  cooled,  and  suppose  the  expansion  coil  j5  to  be 
a  long  coil  divided  into  many  branches  and  located  on  the 
ceilings  or  sides  of  the  rooms;  this  arrangement  constitutes 
a  direct-expansion  system. 

In  another  direct-expansion  air  system,  the  cold  air  is  led 
through  suitable  chutes  to  the  rooms  to  be  cooled,  and  is 
discharged  directly  into  the  room.  The  air  compressor 
draws  its  air  supply  from  these  rooms. 

The  proper  temperatures  for  the  refrigerating  rooms 
depend  on  the  nature  of  the  article  to  be  preserved.  They 
are  about  as  follows:  fish,  meat,  and  poultry,  20°  F.;  fruit 
and  vegetables,  about  35°  F. 

BRINE 

35.  There  are  two  salts  in  common  use  for  making  the 
ItrlDe  used  in  brine  circulation.  The  first  is  Liverpool  salt 
(chloride  of  sodium),  which  forms  the  ordinary  brine  capable 
of  vrithstanding  a  temperature  of  about  0"  P.  This  salt  is 
cheap  in  first  cost,  but  has  a  corrosive  action  on  iron. 

The  other  salt  is  the  chloride  of  calcium.  It  has  no 
corrosive  action  on  iron,  which  makes  it  unnecessary  to 
have  the  brine  pump  lined  with  brass.  It  is  oily  in  nature, 
and  (or  that  reason  has  a  strong  tendency  to  leak  if  the 
piping  is  in  any  way  imperfect;  care  should  therefore  be 
exercised  in  the  pipework  of  a  chloride-of-calcium  brine 
circulation.  It  is  possible  to  obtain  much  lower  tempera- 
tures by  the  use  of  chloride  of  calcium  than  with  chloride 
of  sodium. 

The  cost  of  chloride  of  calcium  is  about  double  that  of 
salt.  The  quality  is  extremely  variable;  insist  on  having 
/«j^rf  chloride  of  calcium.  The  salt  is  excessively  deliques- 
cent, that  is,  it  is  capable  of  absorbing  a  large  quantity  of 
water;  for  this  reason  it  is  often  used  as  a  drier.  This  great 
avidity  of  calcium  chloride  for  water  renders  adulteration  by 
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the  absorption  of  water  very  easy.  Even  the  fused  salt 
contains  as  much  as  20  per  cent,  of  water,  whereas  the 
unfused  salt,  thoug^h  still  in  solid  form,  contains  upwards  of 
50  per  cent,  of  water.  Care  should,  therefore,  be  used  in 
selecting  the  salt. 

When  it  is  desired  to  purchase  chloride  of  calcium,  request 
samples.  Dissolve  a  certain  weigfht  of  each  sample  of  the 
salt  in  the  same  quantity  of  water;  take  a  hydrometer  read- 
ing of  each  of  the  samples  after  the  salt  is  thoroughly  dis- 
solved; the  one  giving  the  highest  reading  is  the  best  sample. 

To  make  chloride-of-calcium  brine,  use  about  equal  weights 
of  water  and  chloride  of  calcium.  Whenever  it  is  observed 
that  the  brine  commences  to  freeze,  add  a  little  chloride  of 
calcium,  stirring  it  well  into  the  brine. 


ICE    MAKING 

36.  There  are  now  two  systems  in  use  for  making  ice, 
viz.,  the  can  system  and  the  plate  system.  The  can  system  is 
the  more  common  of  the  two,  being  cheaper  in  first  cost  and 
requiring  less  attention  in  manipulation.  The  plate  system, 
however,  has  the  advantage  of  giving  a  clearer  ice. 

The  apparatus  used  in  the  can  system  consists  of  a  large 
rectangular  wood  or  iron  tank  containing  the  expansion  coils 
or  pipes.  Galvanized-iron  cans  are  placed  between  the  rows 
of  expansion  coils.  These  cans  are  filled  with  distilled 
water,  ^nd  when  the  brine  is  chilled  below  the  freezing  point 
of  distilled  water,  the  water  in  the  cans  freezes.  If  the 
temperature  of  the  brine  is  not  allowed  to  fall  below  25°  and 
ordinary  well  water  is  used  in  the  cans,  the  ice  produced  will 
be  comparatively  clear  on  the  outside  and  rather  snowy 
in  the  center.  If,  however,  the  brine  temperature  is  allowed 
to  fall  to  about  15°,  the  ice  will  be  entirely  opaque. 

In  the  plate  system,  the  refrigerating  fluid  is  circulated 
through  vertical  cast-iron  or  wrought-iron  hollow  plates,  set 
on  edge  in  a  tank  of  water.  Ice  begins  to  form  on  the  plates 
and  gradually  extends  out  into  the  tank.  If  the  temperature 
of  the  plates  is  kept  comparatively  high  at  the  start  until  2  or  3 
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inches  of  ice  is  formed,  and  then  gradually  reduced  as  ihe 
ice  formation  increases,  a  clear  cake  or  plaie  of  ice  will  be 
formed  on  each  side  of  the  plates.  The  refrigerating  fluid 
is  then  drained  from  the  plates,  and  warm  water  is  intro- 
duced, which  thaws  the  ice  adhering  to  the  sides.  As  soon 
as  the  ice  is  detached,  it  floats  to  the  surface  of  the  water  in 
the  tank. 

RUNNING  REFRIGERATING  MACHINES 


RtlNNINO    AN    AM.EN    I>ENSE-AIR    MACHINE 

37.  Warm  up  the  steam  engine.  Open  the  suction  valve 
and  discharge  valve  of  the  circulating  pump.  See  that  the 
two  valves  in  the  main  pipes  are  open,  and  that  the  valve  of 
the  by-pass  pipe  connecting  Ihe  return-air  pipe  with  the  cold- 
air  pipe  is  closed.  Open  the  blow  valves  of  the  expander 
cylinder  and  tlie  petcocks  of  the  traps.  Start  the  machine; 
when  no  more  grease  or  water  discharges  from  the  various 
petcocks,  close  them.  Be  sure  that  the  circulating  water 
is  in  motion. 

During  running,  open  the  petcocks  of  the  water  trap  H 
frequently  enough  to  allow  the  water  collected  there  not  to 
fill  it  more  than  half  full.  Once  or  twice  a  day  the  machine 
should  be  cleaned  by  heating  it  and  blowing  out  all  oil  and 
deposits;  this  is  done  as  follows:  First  open  the  valve  in 
the  by-pass  pipe.  Then  close  the  two  valves  of  the  main 
pipes.  Open  the  valves  in  the  hot-air  pipe  leading  from  the 
valve  chest  of  the  compressor  to  the  expander  cylinder  and 
partly  close  the  valve  of  the  expander  inlet  pipe.  Turn 
the  live  steam  on  the  jacket  of  the  oil  trap,  opening  the 
outlet  of  the  jacket  just  enough  to  drain  off  the  condensed 
steam.  Run  in  this  manner  for  about  i  hour,  and  during 
this  time  frequently  open  the  Wow-off  valves  of  the  oil  trap 
and  expander,  until  the  trap  and  expander  are  clear.  Then 
shut  off  the  steam  from  the  jacket  of  the  trap,  drain  the  con- 
nections, close  the  valves  in  the  hot-air  pipe  leading  from 
the  compressor  to  the  expander,  close  all  petcocks,  open  the 
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valves  of  the  main  pipes,  and  close  the  by-pass  valve.  The 
machine  will  now  g^enerate  cold  as  usual.  When  a  pressure 
of  from  60  to  65  pounds  cannot  be  retained  in  the  system,  it 
indicates  a  leakag^e  of  air  somewhere.  It  is  usually  found 
at  the  stuffing-boxes,  which  should  then  be  tig:htened  or 
repacked.  If  the  compressor  does  not  keep  up  its  usual 
pressure  in  relation  to  the  initial  pressure,  it  shows  that 
there  is  either  a  leak  from  the  high-pressure  to  the  low- 
pressure  part  of  the  system  or  to  the  atmosphere,  or  it  may 
be  due  to  the  cup-leather  packing  of  the  compressor  and 
expander  cylinder  having  given  out.  The  failure  to  main- 
tain the  high  pressure  will  result  in  a  higher  cold-air  tem- 
perature. The  cup  leathers  should  be  made  of  white-oak 
tanned  leather  well  soaked  in  castor  oil.  They  will  last 
from  1  to  2  months  in  steady  use.  The  sight-feed  lubrica- 
tors for  the  compressor  and  expander  cylinders  should  be 
filled  with  a  light,  pure  mineral  machine  oil  from  which  all 
paraffin  has  been  removed.  Use  about  three  drops  of  oil 
per  minute  in  the  compressor  and  two  drops  in  the  expander. 
The  makers  of  this  machine  recommend  Leonard  &  Ellis 
extra  machine  oil  for  this  purpose. 

Whenever  the  pipes  of  the  manifolds  in  the  refrigerating 
room,  ice  tank,  etc.,  are  thawed  out,  drain  them.  Never 
omit  to  do  this  when  the  opportunity  presents  itself. 


RUNNING    AN    AMMONIA-COMPRESSION    MACHINB 

38.  The  brine  having  been  prepared,  the  machine  charged 
with  ammonia,  and  all  connections  tested,  the  apparatus  is 
ready  for  service.  Before  any  cooling  is  possible  in  the 
refrigerating  room,  it  is  necessary  to  cool  the  brine  charge 
below  the  freezing  point  of  water.  The  brine  pump  being 
stopped,  the  water  pump  is  started  and  water  is  run  over  the 
condensers  and  through  the  water-jacket  of  the  compressor. 
As  the  temperature  of  the  brine  is  probably  in  the  neighbor- 
hood of  55°,  a  comparatively  high  back  pressure  can  be  kept 
in  the  expansion  coils.  As  the  compressor  is  started  when 
the  pressure  in  the  expansion  coils  is  comparatively  high 
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— 100  to  150  pounds — it  is  necessary  to  reduce  this  pressure 
to  30  or  40  pounds  before  the  brine  shows  any  perceptible 
cooling.  The  main  suction  and  discharge  valves  are  opened, 
the  by-pass  valves  are  closed,  and  the  compressor  is  started. 
The  back-pressure  gau£e  will  begin  to  indicate  less  and  less 
pressure.  When  a  pressure  of  30  pounds  is  reached,  the 
expansion  valve  Is  slightly  opened,  and  care  is  taken  to 
regulate  it  so  as  to  keep  the  back  pressure  between  30  and 
35  pounds.  After  some  time,  the  brine  temperature  will 
have  fallen  to  about  25°. 

The  brine  pump  can  now  be  started.  This  will  start  the 
circulation  in  the  refrigerating  room  and  also  that  in  the 
brine  tank,  which  will  help  to  cool  the  brine  more  rapidly. 
The  expansion  valve  can  be  closed  a  little,  so  that  the  back 
pressure  will  drop  gradually  as  the  temperature  of  the  brine 
falls.     The  machine  is  now  in  full  operation. 

If  at  any  time  the  compressor  cylinder  begins  lo  groan, 
some  oil  should  be  pumped  into  the  suction  pipe.  Care 
should  also  be  taken  that  the  piston-rod  packing  is  well  lubri- 
cated; if  it  begins  to  heat,  the  gland  on  the  stutfingbox  should 
be  slackened  and  some  oil  pumped  in.  This  will  cool  the  rod. 
It  is  better  to  have  the  piston  rod  leak  a  little  the  first  day 
or  two  than  to  have  the  packing  so  tight  as  to  cut  the  rod. 

39.  When  the  brine  has  cooled  to  a  temperature  of  15°, 
an  inspection  of  the  charge  should  indicate  at  least  6  inches 
of  liquid  anhydrous  ammonia  in  the  receiver  of  the  con- 
denser and  a  back  pressure  of  20  to  25  pounds.  If,  however, 
the  back  pressure  is  lower  and  there  is  a  small  quantity  of 
anhydrous  ammonia  in  the  receiver,  a  drum  containing  liquid 
anhydrous  ammonia  should  be  connected  up  and  its  contents 
pumped  into  the  machine.  There  is  usually  one  main  expan- 
sion valve  and  a  number  of  feed-valves,  one  on  each  coil,  for 
the  purpose  of  regulating  the  amount  of  anhydrous  ammonia 
being  fed  to  the  separate  coils.  These  valves  should  be 
adjusted  so  as  to  proportion  the  amount  of  anhydrous 
ammonia  supplied  to  each  coil;  then  they  should  be  left  alone. 
The  total  amount  of  anhydrous  ammonia  expanded  should  be 
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regulated  by  the.  main  expansion  valve.  If  the  compressor 
is  working:  properly,  the  whole  action  of  the  machine  hing^es 
on  the  proper  manipulation  of  the  expansion  valve.  A  low 
back  pressure  is  detrimental  to  the  economical  working  of 
a  compression  machine.  Therefore,  care  should  be  taken  to 
carry  as  high  a  back  pressure  as  possible,  and  at  the  same 
time  avoid  overfeeding.  The  best  indication  of  overfeeding 
is  a  heavy  frost  on  the  suction  pipe  of  the  compressor.  Not 
all  the  liquid  anhydrous  ammonia  is  evaporated  in  the  expan- 
sion coils,  and,  consequently,  some  of  it  passes  over  to  the 
compressor.  The  evaporation  in  the  suction  end  of  the 
cylinder  causes  the  packing  of  the  piston  rod  to  freeze,  and 
it  is  liable  to  leak  as  soon  as  it  thaws  out  again.  The  great- 
est danger  from  overfeeding,  however,  arises  from  liquid 
ammonia  or  oil  entering  the  cylinder  of  the  compressor. 
The  liquid  being  incompressible,  its  presence  may  result  in 
the  breakage  of  a  cylinder  head  or  of  a  shaft,  or  the  derange- 
ment of  some  part  of  the  compressor. 

40,  To  shut  down  a  compression  machine,  the  main 
throttle  valve  of  the  steam  engine  is  closed,  care  being  taken 
that  the  compressor  does  not  stop  on  a  dead  center.  The 
valve  on  the  oil  feed  is  then  closed,  together  with  the  main 
suction  and  delivery  valves  and  the  expansion  valve;  the 
other  valves  may  be  left  open.  The  water  pump  is  then 
stopped  and  all  the  drips  are  opened;  the  same  is  done  with 
the  brine  pump.  The  refrigerating  plant  is  now  shut  down> 
and  the  steam  plant  may  be  shut  down  as  in  ordinary  practice. 


RUNNING    AN    AMMONIA-ABSORPTION    MACHINE 

41,  After  the  air  and  other  gases  have  been  expelled 
from  the  absorber,  the  ammonia  pump  is  started,  and  the 
steam  is  gradually  turned  on  the  generator.  When  a  pres- 
sure of  120  or  130  pounds  has  been  reached,  the  valve 
leading  to  the  condenser  is  opened  and  the  water  is  turned 
on  the  condenser  and  absorber.  This  valve  should  be 
opened  slightly,  so  as  not  to  create  too  strong  a  current 
between  the  condenser  and  the  generator,  as  the  difference 
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between  the  pressures  in  these  two  vessels  piay  be  consider- 
able. The  generator  pressure  now  extends  to  all  the  high- 
pressure  parts  of  the  machine.  The  expansion  valve  is  then 
opened  a  very  little  until  the  gauge  indicates  15  to  20  pounds, 
As  soon  as  the  liquor  is  seen  in  the  gauge  glass  ot  the 
absorber,  the  suction  valve  and  the  delivery  valve  of  the 
ammonia  pump  are  opened  and  the  ammonia  pump  is 
started.  The  pump  is  run  at  such  a  rate  as  to  keep  the 
liquor   in   the  gauge   glass  on   the  absorber  at  a  constant 

.■  level.     The  machine  is  now  doing  regular  work,  tooling  the 

I  brine  in  the  brine  tank. 


A  SERIES  OF  QUESTIONS 
AND  EXAMPLES 

Rblatino  to  thb  Subjects 
Trbatbd  of  in  This  Volume 


It  will  be  noticed  that  the  various  Examination  Ques* 
tions  that  follow  have  been  given  the  same  section  numbers 
as  the  Instruction  Papers  to  which  they  refer.  No  attempt 
should  be  made  to  answer  any  of  the  questions  or  to  solve 
any  of  the  examples  until  the  Instruction  Paper  having  the 
same  section  number  has  been  carefully  studied. 


TYPES  OF  MARINE  BOILERS 


EXAMINATION  QUESTIONS 

(1)  How  many  essential  parts  must  a  steam  boiler  con- 
tain, and  what  are  they? 

(2)  What  are  the  disting:uishins^  features  of  the  fire-tube 
boiler  and  the  water-tube  boiler? 

(3)  What  is  the  simplest  form  of  marine  boiler  used  at 
the  present  time? 

(4)  What  is  meant  by  an  internally  fired  boiler? 

(5)  In  what  important  particular  does  the  tubular  boiler 
differ  from  the  flue  boiler? 

(6)  What  type  of  boiler  has  been  used  almost  exclusively 
on  ocean  steamers? 

(7)  How  does  the  Clyde  boiler  differ  from  the  Scotch 
boiler? 

(8)  What  is  the  purpose  of  a  g:unboat  boiler,  and  what 
is  its  principal  peculiarity? 

'  (9)  In  what  particular  do  the  different  types  of  Scotch 
boilers  principally  vary,  and  which  variation  is  considered 
the  better  plan? 

(10)  For  what    marine    purposes    are   vertical    boilers 
adapted? 

(11)  (a)  Into    how   many   classes   are   vertical    boilers 
divided?     {d)  What  are  they,  and  how  do  they  differ? 

it 
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(12)  How  are  water-tube  boilers  classified? 

(13)  Name  a  prominent  example  of  a  water-tube  boiler 
of  the  straight-tube  type. 

(14)  How  are  the  injurious  effects  of  unequal  expansion 
and  contraction  obviated  in  a  Babcock  &  Wilcox  boiler? 

(15)  How  is  a  combustion  chamber  provided  in  a  Bab- 
cock &  Wilcox  boiler? 

(16)  How  is  a  high  furnace  temperature  maintained  in  a 
Babcock  &  Wilcox  boiler? 

(17)  What  is  a  most  important  feature  in  any  boiler  in 
regard  to  impurities  carried  in  by  the  feedwater? 

(18)  How  are  the  free  expansion  and  contraction  of  the 
tubes  of  a  Seabury  boiler  provided  for? 

(19)  How  are  the  ends  of  the  tubes  of  a  Mississippi 
boiler  secured  to  the  drums? 

(20)  What  is  understood  by  a  pipe  boiler? 

(21 )  Why  is  the  feedwater  of  a  Roberts  boiler  discharged 
into  the  steam  drum  above  the  water-line? 

(22)  Why  should  pure  feedwater  only  be  used  in  the 
Almy,  as  well  as  in  other  pipe  and  bent-tube  boilers? 

(23)  Name  some  of  the  principal  advantages  and  dis- 
advantages of  the  Scotch  boiler. 

(24)  What  are  some  of  the  advantages  that  a  water-tube 
boiler  of  the  straight-tube  type  possesses  over  those  fitted 
with  bent  tubes? 

(25)  What  are  some  of  the  objections  to  placing  the  tubes 
of  water-tube  boilers  horizontal  or  nearly  so? 


MARINE-BOILER  DETAILS 


EXAMINATION  QUESTIONS 

(1)  How  are  the  shells  of  cylindrical  boilers  and  the 
drums  of  water-tube  boilers  constructed? 

(2)  How  are  flat  boiler  plates  bent  to  a  cylindrical  form? 

(3)  How  is  a  cup,  or  snap,  head  formed  on  a  boiler  rivet? 

(4)  Describe  a  lap  joint  and  a  butt  joint. 

(5)  What  is  meant  by  calking? 

(6)  How  ^re  the  ends  of  the  lap  joints  in  the  head  of  a 
Scotch  boiler,  where  the  flanges  overlap,  made  steam-  and 
water-tight? 

(7)  What  is  the  radius  of  the  curve  of  a  bumped  boiler 
head  or  drum  head  usually  equal  to? 

(8)  What  is  a  manhole  in  the  head  or  shell  of  a  boiler  or 
drum,  and  what  is  its  purpose? 

(9)  How  must  pipes  over 3  inches  in  diameter  be  attached 
to  a  marine  boiler,  or  any  of  its  parts? 

(10)  Why  must  flat  surfaces  of  a  boiler  be  braced  or 
stayed? 

(11)  How  must  the  screw  staybolts  of  a  boiler  using  salt 
feedwater  be  arranged? 

(12)  For  what  purposes  are  girder  stays  used? 

(13)  Into  how  many  distinct  classes  are  the  furnaces  of 
marine  boilers  divided,  and  what  are  they? 
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(14)  What  two  forms  of  furnace  flues  are  used  in  Scotch 
boilers? 

(15)  How  are  the  lonsitudinal  seams  of  corrugated  fur- 
nace flues  made? 

(16)  Of  what  material  is  a  bridge  wall  constructed,  and 
what  is  its  object? 

(17)  What  is  a  lazy  bar,  and  what  is  its  purpose? 

( IS)  What  is  a  combustion  chamber  of  a  boiler,  and  what 
is  its  purpose? 

(19)  How  are  the  combustion  chambers  of  Scotch  boilers 
secured  to  the  boiler? 

(20)  What  possible  disadvantage  exists  with  the  com- 
bustion chamber  of  a  firebox  boiler  of  the  flue  and  return- 
tubular  type? 

(21)  How  should  the  grate  be  placed  in  a  Babcock  & 
Wilcox  boiler  to  insure  complete  combustion  of  the  gasesf  j 

(22)  What  is  the  principal  purpose  of  boiler  tubes?  I 

(23)  How  are  the  tubes  secured  In  a  boiler? 

(24)  How  are  the  eods  of  the  tubes  of  the  Mississippi 
boiler  secured? 

(25)  What  is  the  purpose  of  a  spiral  retarder? 


MARINE-BOILER  ACCESSORIES 


EXAMINATION  QUESTIONS 

(1)  What  is  the  purpose  of  the  safety  valve  and  in  what 
three  ways  is  it  weig^hted? 

(2)  What  types  of  safety  valve  are  mostly  used  on 
marine  boilers? 

(3)  What  are  the  different  areas  of  openings  that  are 
required  for  the  various  types  of  safety  valves  for  marine 
boilers? 

(4)  To  what  is  the  total  upward  pressure  on  a  safety 
valve  equal? 

(5)  What  should  be  the  total  weight  on  a  dead-weight 
safety  valve,  the  valve  opening  being  2i  inches  in  diameter 
and  the  blow-off  pressure  60  pounds  per  square  inch? 

Ans.  294.52  lb. 

(6)  The  diameter  of  a  lever  safety  valve  is  4  inches;  the 
distance  frpm  the  center  line  of  the  valve  to  the  fulcrum  is 
4i  inches;  the  distance  of  the  weight  from  the  fulcrum  is 
45  inches;  its  weight  is  150  pounds;  the  weight  of  the  valve 
and  stem  is  12  pounds;  the  weight  of  the  lever  is  15  pounds; 
and  the  total  length  of  the  lever,  which  is  straight  and 
parallel,  is  48  inches.  Find  the  pressure  per  square  inch  at 
which  the  valve  is  about  to  open.     Ans.  126.687  lb.  per  sq.  in. 

(7)  The  diameter  of  a  lever  safety  valve  is  3i  inches; 
the  distance  from  the  center  line  of  the  valve  to  the  fulcrum 
is  4  inches;    the  steam  pressure  is  160  pounds  per  square 
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inch:  the  weight  weighs  150  pounds;  the  lever  is  straight 
and  parallel,  4S  inches  long;  and  its  weight  is  16  pounds; 
the  valve  and  stem  weigh  8  pounds.  How  far  from  the  ful- 
crum must  the  weight  be  placed?  Ans.  38.27  in. 

(8)  The  area  of  a  lever  safety  valve  is  10  square  inches; 
the  distance  from  the  valve  stem  to  the  fulcrum  is  4  inches; 
the  distance  from  the  fulcrum  to  tMe  point  of  suspension  of 
the  weight  is  40  inches;  the  weight  of  the  valve  and  stem  is 
5.54  pounds;  the  lever  is  42  inches  long,  made  of  a  wroiight- 
iron  bar  Ij  inches  by  i  inch.  Take  the  weight  of  a  cubic 
inch  of  wrought  iron  as  .28  pound.  Find  the  weight  neces- 
sary to  balance  at  the  following  pressures  per  square  inch: 
(ii)  65  pounds;  (i)  75  pounds;  {c)  85  pounds;  (rf)  100  pounds. 

1(a)  57.5  lb. 
U)  67.5  1b. 
(c)  77.5  1b. 
U)  92.5  lb. 

(9)  The  spring  of  a  safety  valve  is  made  of  round  wire 
,75  inch  in  diameter;  the  diameler  of  the  Spring  is  3.5  inches,, 
and  the  area  of  the  valve  is  7  square  inches.  For  what 
pressure  is  the  valve  intended?    Ans.  137.75  lb.  per  sq.  in. 

(10)  What  very  important  precaution  should  be  taken  in 
regard  to  the  arrangement  of  a  safety  vatve  on  a  boiler? 

(11)  What  is  the  purpose  of  a  steam  gauge? 

(12)  What  is  the  absolute  pressure  if  the  vacuum  eauge 
indicates  26  inches  and  the  barometer  stands  at  30  inches? 

Ans.  1.96  lb. 

(13)  Where  on  a  boiler  should  a  glass  water  g^auge  be 
located? 

(14)  What  are  the  usual  causes  of  the  breakage  of  glass 
water-gauge  tubes? 

(15)  What  is  the  objection  lo  connecting  the  gauge-cocks 
and  glass  water  gauge  directly  to  the  head  of  the  boiler? 

(16)  Why  must  too  much  reliance  not  be  placed  on  the 
glass  water  gauge? 
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(17)  Why  is  it  advisable  to  have  valves  in  the  steam  and 
water  connections  of  the  water  column? 

(18)  Where  are  float  water  gauges  used  in  place  of  glass 
water  gauges? 

(19)  What  is  a  fusible  plug,  what  is  its  purpose,  and 
where  are  fusible  plugs  placed  in  a  cylindrical  flue  boiler? 

(20)  How  many  kinds  of  blow-off  cocks  are  there,  what 
are  they  called,  and  what  are  their  purposes? 

(21)  What  precaution  should  be  taken  after  either  blow- 
off  has  been  used  for  the  purpose  of  partially  emptying  the 
boiler  of  water? 

(22)  How  should  globe  valves  be  attached  to  pipes,  and 
why?    • 

(23)  What  is  the  purpose  of  a  check- valve? 

(24)  How  is  the  expansion  of  large  steam  pipes  provided 
for? 

(25)  How  may  the  tone  of  a  steam  whistle  be  changed? 

(26)  What  should  be  the  least  area  of  the  uptake  of  a 
Scotch  boiler? 

(27)  Why  is  it  considered  desirable  to  mix  superheated 
and  saturated  steam  together  before  using  it  in  the  engines? 

(28)  How  is  a  dry  pipe  constructed  and  where  is  it 
located? 

(29)  What  is  a  separator,  where  may  it  be  located,  and 
for  what  purpose? 

(30)  How  are  boiler  saddles  stiffened  to  sustain  the 
stresses  thrown  on  them  when  the  vessel  is  rolling  or 
pitching? 


FIRING 


EXAMINATION  QUESTIONS 

(1)  What  are:  (a)  elements?  (d)  compounds?  (c)  mix- 
tures? 

(2)  (a)  Of  what  is  each  molecule  of  an  element  com- 
posed? id)  What  is  the  relation  between  the  volumes  of 
gases  and  the  number  of  molecules  they  contain? 

(3)  What  is  the  atomic  weight  of  an  element? 

(4)  What  is  combustion,  how  is  it  effected,  and  what  are 
produced  thereby? 

(5)  {a)  When  carbon  and  oxygen  are  brought  together 
under  the  influence  of  heat,  and  there  is  a  sufficient  supply  of 
oxygen,  what  is  formed?  (d)  What  happens  if  the  supply 
of  oxygen  is  insufficient? 

(6)  What  is  the  principal  element  in  the  composition  of 
all  fuels? 

(7)  How  many  cubic  feet  of  air  are  required  to  bum 
1  pound  of  coal  containing  80  per  cent,  carbon,  6  per  cent, 
hydrogen,  5  per  cent,  oxygen,  and  9  per  cent,  ash? 

Ans.  149.02  cu.  ft. 

(8)  What  is  the  heat  of  combustion  of  a  pound  of  fuel 
containing  74  per  cent,  of  carbon,  5  per  cent,  oxygen,  8  per 
cent,  hydrogen,  2  per  cent,  sulphur,  and  11  per  cent,  ash? 

Ans.  15,456.5  B.  T.  U. 

(9)  How  many  pounds  of  water  can  be  evaporated,  theo- 
retically, by  a  pound  of  coal  whose  heat  of  combustion  is 
15,456  British  thermal  units?  Ans.  16  lb.,  nearly 
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(10)  Why  is  it  desirable  to  keep  the  temperature  in  the 
furnace  as  high  as  possible? 

(11)  On  what  does  the  heat  of  combustion  of  coal 
depend? 

(12)  What  are  the  advantagfes  and  disadvantages  in  using 
petroleum  as  fuel  for  marine  purposes? 

(13)  How  many  methods  of  hand  firing  are  in  common 
use,  and  what  are  they? 

(14)  What  is  the  cause  of  gas  explosions  in  the  furnace, 
and  how  may  they  be  avoided? 

(15)  What  method  has  been  adopted  for  burning  oil? 

(16)  What  causes  natural  draft? 

(17)  How  is  the  pressure  due  to  draft  measured? 

(18)  What  is  the  probable  maximum  coal  consumption 
per  hour,  under  natural  draft,  of  a  vessel  fitted  with  eight 
boilers  with  three  furnaces  each,  the  length  of  the  grate 
being  6  feet  6  inches,  the  width  3  feet  4  inches,  and  the 
height  of  the  smokestack  60  feet,  using  the  best  quality  of 
semianthracite?  Ans.  9,063.08  lb. 

(19)  How  is  mechanical  or  forced  draft  produced? 

(20)  What  is  the  characteristic  feature  of  the  Howden 
system  of  forced  draft,  and  why  is  it  beneficial? 

(21)  How  is  induced  draft  produced? 


FXONOMIC  COMBUSTION 


EXAMINATION    QUESTIONS 

(1)  How  does  the  application  of  heat  affect  the  hydro- 
carbons in  bituminous  coal? 

(2)  What  substance  is  left  in  coal  after  the  hydrocarbons 
are  driven  offj  and  of  what  element  is  this  substance  chiefly 
composed? 

(3)  What  are  the  principal  gases  included  under  the  head 
of  hydrocarbons  in  bituminous  coal? 

(4)  In  what  combination  is  sulphur  usually  found  in  coal? 

(5)  What  is  the  minimum  point  to  which  the  temperature 
in  the  furnace  should  be  allowed  to  fall?    Give  reason. 

(6)  (a)  Can  carbon  monoxide  be  burned?  (d)  If  so, 
what  are  the  conditions  necessary  for  its  combustion? 

(7)  How  can  carbon  monoxide  be  derived  from  carbon 
dioxide? 

(8)  What  conditions  are  necessary  for  the  economical 
combustion  of  coal? 

(9)  Into  what  two  classes  may  smoke  be  divided? 

(10)  Of  what  is  soot  composed? 

(11)  To  what  cause  is  the  formation  of  smoke  chiefly 
due? 

(12)  In  what  way  may  the  heat  loss  due  to  the  escape  of 
carbon  monoxide  be  prevented? 

(13)  If  air  is  admitted  above  the  fire,  what  condition  is 
necessary  to  secure  the  formation  of  carbon  dioxide? 
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(14)  How  may  the  fact  be  discoyered  that  tmconsmned 
hydrocarbons  are  escaping  from  the  fire? 

(15)  What  conditions  are  necessary  for  the  complete 
combustion  of  the  hydrocarbons? 

(16)  What  are  the  advantages  of  introdncing  air  below 
the  grate? 

(17)  Give  a  simple  and  satisfactory  method  of  introdu- 
cing air  above  the  grate. 

(18)  If  the  air  is  admitted  through  oplbnings  in  the  bridge 
wall,  in  what  direction  should  it  be  discharged? 

(19)  About  what  temperature  should  the  gases  escaping 
up  the  smokestack  have? 

(20)  If  the  temperature  of  the  gases  escaping  up  the 
smokestack  is  too  high,  what  is  the  most  likely  cause,  and 
how  can  it  be  remedied?  t 


MARINE-BOILER  FEEDING 

(PART  1) 


EXAMINATION  QUESTIONS 

(1)  What  two  classes  of  apparatus  are  used  for  forcing 
feedwater  into  steam  boilers? 

(2)  Is  feedwater  drawn  from  a  jet  condenser  pure? 

(3)  In  modem  practice,  where  is  the  feedwater  usually 
delivered  in  Scotch  boilers? 

(4)  Suppose  that  the  feed-pumps  are  worked  from  the 
main  eng:ine,  how  is  the  feedwater  supply  to  the  various 
boilers  regulated  in  that  case? 

(5)  How  may  the  feed  be  regulated  with  an  independent 
feed-pump? 

(6)  For  what  purpose  is  a  vacuum  chamber  fitted  to 
a  doctor? 

(7)  What  is  the  object  of  a  relief  valve  fitted  to  the  feed- 
apparatus? 

(8)  Briefly  describe  how  an  injector  works. 

(9)  Will  an  injector  deliver  hotter  feedwater  when  work- 
ing at  its  maximum  capacity  than  when  working  below  it? 

• 

(10)  In  what  way,  if  any,  does  the  quantity  of  water 
delivered  by  an  injector  vary  with  the  steam  pressure? 

(11)  Will  all  injectors  lift  water? 

(12)  What  is  the  main  feature  of  an  automatic  injector? 
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(13)  In  a   Korting  double-tube  injector,  how  does  too 
great  a  steam  supply  manifest  itself? 

(14)  What  are    the  causes   that   may  prevent  a  lifting: 
injector  from  raising  water  from  th6  source  of  supply? 

(15)  Under  what  conditions  will  the  chloride  of  sodium 
found  in  sea-water  be  precipitated? 

(16)  Can  chloride  of  magnesium  be  removed  from  feed- 
water  by  heat? 

(17)  If  the  feedwater  is  acid,  how  can  it  be  rendered 
harmless? 

(18)  By  what  means  may  feedwater  for  marine  boilers 
be  heated? 


MARINE-BOILER  FEEDING 

(PART  2) 


EXAMINATION  QUESTIONS 

(1)  What  is  the  purpose  of  the  salt  feed? 

(2)  With  a  surface-condensing  engine,  how  does  loss  of 
feedwater  manifest  itself? 

(3)  Explain,  briefly,  how  sea-water  may  be  transformed 
into  fresh  water. 

(4)  What  is  the  object  of  the  steam  trap  used  in  connec- 
tion with  an  evaporator? 

(5)  What  is  meant  by  A  saturation? 

(6)  A  sample  of  water  boils  at  219.4°  F.,  the  barometer 
standing  at  29.8  inches;  determine  the  saturation.     Ans.  -^ 

(7)  What  is  the  purpose  of  a  salinometer? 

(8)  Has  the  temperature  of  the  water  being  tested  any 
influence  on  the  reading  of  the  salinometer? 

(9)  If  8,000  gallons  of  water  at  a  saturation  of  ^  enters 
a  boiler  every  hour,  how  many  gallons  must  be  blown  off 
every  hour  to  keep  the  saturation  at  -^?  Ans.  888f  gal. 

(10)  How  much  water  at  W  is  evaporated  for  5,600  pounds 

of  water  blown  off  at  tl?  Ans.  23,100  lb. 

32 

(11)  A  boiler  evaporates  3,000  gallons  of  water  per  hour, 
the  water  being  kept  at  A;  if  the  feedwater  is  at  ^V,  what  is 
the  total  feed  per  hour?  Ans.  3,750  gal. 
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(12)  What  are  the  advantages  of  carrying  a  fairly  high 
saturation? 

(18)  What  influence  has  circulation  of  the  water  on  the 
efficiency  of  the  boiler? 

(14)  How  may  the  circulation  in  Scotch  boileri  be 
improved?  • 

(16)  Feedwater  having  a  temperature  of  120^  F.  and  a 
saturation  of  W  is  admitted  to  a  boiler  in  which  the  density 
is  kept  at  A*  The  steam  pressure  being  170  poimds  per 
square  inch,  absolute,  what  will  be  the  percentage  of  loss  of 
heat  due  to  blowing  off?  Take  the  total  heat  of  1  pound  of 
steam  at  170  pounds,  absolute  pressu)re  and  above  82^  P.,  as 
1,194.261  British  thermal  units,  and  its  sensible  heat  as 
868.226^  F.  Ans.  6.8  per  cent. 


MARINE-BOILER  MANAGEMENT 


EXAMINATION  QUESTIONS 

(1)  Suppose  that  an  engineer,  on  taking  charge  of  an 
American  steam  vessel,  finds  one  of  the  boilers  in  very  bad 
shape,  what  is  his  duty? 

(2)  What  precaution  should  be  observed  before  entering 
a  boiler  that  has  just  been  opened? 

(3)  In  coaling  ships,  how  can  the  engineer  insure  that 
the  amount  of  coal  delivered  corresponds  with  that  stated  in 
the  bill  rendered? 

(4)  If  sheet-rubber  or  asbestos  gaskets  are  used  for 
manhole  or  handhole  covers,  how  should  these  gaskets  be 
treated  before  being  put  on? 

(5)  If  a  vessel  is  lying  in  fresh  and  pure  water,  and  the 
boilers  are  situated  below  the  water  level,  what  is  the  easiest 
way  of  filling  them  when  empty? 

(6  What  precaution  should  be  observed  in  connection 
with  the  smokestack  guys  when  getting  up  steam? 

(7)  If  the  surface  of  a  fire  in  a  furnace  is  very  uneven, 
what  should  be  done  before  putting  on  fresh  coal? 

(8)  If  a  soft-coal  fire  has  burned  very  low,  how  can  it  be 
built  up  again? 

(9)  How  may  the  formation  of  steam  be  checked  if  the 
engines  are  stopped  temporarily? 

(10)  What  are  the  usual  causes  of  priming? 

(11)  How  does  priming  manifest  itself? 

ii« 
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(12)  How  does  foaming  manifest  itself? 

(13)  What  is  the  most  reliable  way  of  finding  the  water 
level  in  a  boiler? 

(14)  Of  what  is  a  sudden  rise  in  the  temperature  of  a 
coal  bunker  an  indication? 

(15)  If  the  water  level  in  a  boiler  has  dropped  below  the 
lowest  gauge-cock  or  out  of  sight  in  the  gauge  glass,  what 
should  be  done? 

(16)  While  under  way,  what  care  must  be  taken  of  the 
tubes  of  fire-tube  boilers? 

( 17 )  What  can  be  done  if  the  main  feed-pump  breaks  down? 

(18)  What  precaution  is  an  engineer  coming  on  watch 
supposed  to  observe? 

( 19)  How  may  it  be  ascertained  if  any  braces  or  stays  are 
loose? 

(20)  What  is  considered  to  be  the  best  method  of  laying 
up  boilers? 

(21)  Can  the  hydrostatic  test  be  relied  on  to  reveal  all 
weak  places  in  a  boiler? 

(22)  A  boiler  subjected  to  United  States  inspection  is 
intended  to  carry  a  working:  pressure  of  165  pounds  per 
square  inch;  what  must  be  the  hydrostatic  test  pressure? 

Ans.  247.5  lb.  per  sq.  in. 


MARINE-BOILER  REPAIRS 


EXAMINATION   QUESTIONS 

(1)  What  is  the  difference  between  uniform  corrosion 
and  pitting? 

(2)  What  causes  grooving? 

(3)  What  causes  external  corrosion? 

(4)  What  causes  the  collapse  of  the  furnace  in  a  Scotch 
boiler? 

(5)  Name  the  main  causes  of  boiler  explosions. 

(6)  What  danger  is  attached  to  opening  the  main  stop- 
valve  of  a  boiler  suddenly? 

(7)  What  is  to  be  done  when  a  gauge  glass  breaks? 

(8)  Hbw  may  a  cracked  boiler  plate  be  repaired? 

(9)  Suppose  that  a  boiler  tube  leaks  at  its  junction  with 
the  tube  sheet;  how  can  this  leak  be  stopped? 

(10)  How  can  a  split  or  corroded  tube  be  temporarily 
repaired? 

(11)  How  may  a  leaky  rivet  be  treated  at  sea? 

(12)  What  may  be  done  to  stop  a  leak  in  a  seam  at  the 
junction  of  three  plates? 

(13)  If  a  manhole  gasket  springs  a  leak,  what  should 
be  done? 

(14)  How  may  it  be  discovered  whether  a  blow-off  cock 
leaks  or  is  partly  open? 

(16)     If  a  flanged  joint  leaks,  what  is  to  be  done? 
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(16)  What  is  the  difference  between  a  soft  patch  and  a 
hard  patch? 

(17)  Suppose  that  a  shallow  bulge  is  found  in  a  plate, 
but  the  metal  is  not  cracked;  what  can  be  done  to  the  plate 
to  repair  it? 

( 18)  For  what  is  a  ripper  used? 

(19)  How  should  the  ends  of  new  boiler  tubes  be  treated 
before  being  inserted  in  the  boiler? 

(20)  What  should  be  done  if  a  cracked  dead  plate  is 
found?  * 

,(21)  How  should  boiler  shells  be  treated  before  being 
painted?         , 

(22)  What  fittings  should  be  examined  and  repaired  each 
time  the  vessel  is  in  dry  dock. 


MARINE-BOILER  INSPECTION 

(PART  1) 


EXAMINATION  QUESTIONS 


Notice  to  Students.— 5/urfy  the  Instruction  Paper  thoroughly  before 
you  attempt  to  answer  these  questions.  Read  each  question  care- 
fully and  be  sure  you  understand  It ;  then  write  the  best  answer 
you  can.  When  your  answers  are  comfdeted,  examine  them  closely  and 
correct  all  the  errors  you  can  find;  then  mail  them  to  us, 

(1)  Under  American  rules,  can  wrought-iron  plate  having 
a  tensile  strength  of  42,000  pounds  per  square  inch  be  used? 

(2)  Under  American  rules,  what  should  be  the  minimum 
elongation  of  a  sample  taken  from  a  wrought-iron  plate  having 
a  tensile  strength  of  53,000  poimds  per  square  inch? 

Ans.  23  per  cent. 

(3)  What  is  the  internal  pressure  at  which  a  seamless  steel 
tube  will  rupture  if  the  tube  has  an  internal  diameter  of  4  inches, 
is  J  inch  thick,  and  has  a  tensile  strength  of  60,000  poimds  per 
square  inch?  Ans.  7,500  lb.  per  sq.  in. 

(4)  Under  American  rules,  what  working  pressure  will  be 
allowed  on  a  steel  boiler  shell  60  inches  in  diameter,  J  inch 
thick,  and  having  a  tensile  strength  of  60,000  pounds  per  square 
inch,  the  longitudinal  seams  being  double  riveted? 

Ans.  200  lb.  per  sq.  in. 

(5)  What  working  pressure  will  be  allowed,  under  Canadian 
rules,  on  the  shell  of  a  cylindrical  superheater  70  inches  in 
diameter  and  J  inch  thick,  the  efficiency  of  the  longitudinal 
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joints  being  70  per  cent,  and  the  flame  passing  along  the  shell? 
The  factor  of  safety  is  5.  Ans.  90  lb.  per  sq.  in. 

(6)  Under  American  rules,  what  working  pressure  will  be 
allowed  on  the  shell  of  the  dnim  of  a  water-tube  boiler,  if  the 
drum  is  30  inches  in  diameter,  has  a  thickness  of  |  inch,  and  a 
tensile  strength  of  58,000  [xninds  per  square  inch?  The  water 
tubes  have  an  outside  diameter  of  2  inches  and  are  spaced 
3j  inches  center  to  center  in  all  the  rows. 

Ans,  172.62  lb.  per  sq.  in. 

(7)  Under  Canadian  rules,  what  is  the  hydrostatic  test 
pressure  on  a  fire-lube  boiler  that  is  to  be  worked  at  a  pressure 
of  150  pounds  ijer  square  inch?  Ans.  225  lb.  per  sq.  in, 

(8)  Under  Canadian  rules,  what  is  the  least  thickness  o( 
the  butt  straps  in  a  double-butt-slrap  joint  where  each  alter- 
nate rivet  is  omitted  in  the  outer  row,  the  plate  being  J  inch 
thick,  the  rivets  IJ  inches  in  diameter,  and  the  pitch  7i  inches 
in  the  outer  row?  Ana.  .f>C4  in. 

(9)  Under  American  rules,  what  should  be  the  pitch  of  the 
rivets  in  a  single-riveted  lap  joint,  made  from  iron  plate  and 
iron  rivets,  the  plateteing  ,|  inch  thick  and  the  rivets  J  indi  in 
diameter?  Ans.  1.928  in. 

(10)  Find,  under  American  rules,  the  proper  pitch  of  rivets 
in  a  double-riveted  lap  joint,  made  from  steel  plate  and  steel 
rivets,  the  plate  being  |  inch  thick  and  the  rivets  }  inch  in 
diameter.  Ans.  2.685  in. 

(11)  What  is  the  maximum  permissible  pitch  for  a  double- 
riveted  lap  joint,  under  American  rules,  if  the  plate  is  J  inch 
thick?  Ans.  3.918  in. 

(12)  Under  Canadian  rules,  what  is  the  pitch  of  rivets  in 
a  triple-chain-riveted,  double-butt-strap  joint  having  }J  inch 
rivets,  if  the  plate  is  {^  inch  thick,  has  a  tensile  strength  of 
29  gross  tons,  and  the  factor  of  safety  required  by  the  con- 
struction is  5?    Plate  and  rivets  are  steel.  Ans.  5.857  in. 

(13)  With  a  IJ-inch  rivet,  how  far  must  its  center  be  from 
the  edge  of  the  plate?  ,     Ans.  2\  in. 
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(14)  What  is  the  minimum  permissible  distance  between 
the  rows  of  rivets  in  an  ordinary  triple-chain-riveted,  double- 
butt-strap  joint  if  the  rivets  are  li  inches  in  diameter? 

Ans.  2i  in. 

(15)  In  a  triple-chain-riveted  joint  having  each  alternate 
rivet  omitted  in  the  outer  row,  the  rivets  are  IJ  inches  in  diam- 
eter and  have  a  pitch  of  9  inches  in  the  outer  row;  under  Cana- 
dian rules,  what  should  be  the  distance  between  the  middle 
and  outer  rows  of  rivets?  Ans.  3.97  in. 

(16)  In  the  joint  described  in  question  15,  what  is  the  pref- 
erable distance  between  the  inner  and  middle  rows  of  rivets? 

Ans.  3J  in. 

(17)  Under  Canadian  rules,  what  should  be  the  distance 
between  the  middle  and  outer  rows  of  rivets  in  a  triple-zigzag- 
riveted  butt  joint  having  every  alternate  rivet  omitted  in  the 
outer  row,  if  the  rivets  are  1 J  inches  in  diameter  and  the  pitch 
in  the  outer  row  is  7  inches?  Ans.  2.709  in. 

(18)  In  a  triple-zigzag-riveted  lap  joint,  alternate  rivets 
are  omitted  in  the  outer  row;  under  Canadian  rules,  what  will 
be  the  diagonal  pitch,  if  the  rivets  are  }  inch  in  diameter  and 
the  pitch  in  the  outer  row  is  5  inches?  Ans.  2|  in. 

(19)  In  the  joint  described  in  question  17,  what  should  be 
the  diagonal  pitch  between  the  inner  and  middle  rows  of  rivets? 

Ans.  2.55  in. 

(20)  Find  the  percentage  of  plate  left  between  holes  in  a 
single-riveted  lap  joint,  made  of  f-inch  iron  plate  and  iron 
rivets,  if  the  rivets  arc  1  inch  in  diameter  and  have  a  pitch  of 
2 J  inches.  Ans.   55.56  per  cent. 

(21)  Find  the  percentage  of  value  of  thci  rivet  section  of 
the  joint  described  in  question  20.  Ans.  55.85  per  cent. 

(22)  In  a  triple-riveted,  double-butt-strap  joint  in  which 
alternate  rivets  are  not  omitted  in  the  outer  row,  the  steel 
rivets  are  1  inch  in  diameter  and  have  a  ]3itch  of  4  inches.  The 
plate  is  H  inch  thick,  has  a  tensile  strength  of  28  gross  tons, 
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and  is  steel.    The  fector  cxf  safety  being  4.5»  what  is  thib  per- 
oentage  of  value  of  the  rivet  section  under  Canadian  rules? 

Ans.  95.63  per  oent. 

'  (23)  In  a  triple-ssigzag-riveted,  double-butt-strap  joint,  made 
of  iron  plate  and  iron  rivets,  every  alternate  rivet  is  omitted 
in  the  outer  row.  The  {date  is  }  inch  thick;  the  rivets  are 
}  indb  in  diameter,  and  the  pitch  in  the  outer  row  is  5}  inches. 
What  is  the  percentage  of  the  combined  plate  and  rivet  section? 

Ans.  93.69  per  oent. 

(34)  Calculate  the  efficiency  of  a  single-riveted  lap  joints 
iron  plate  and  iron  rivets,  the  plate  being  {  inch  thick,  the 
rivets  }  inch  in  dianoeter,  and  the  pitch  1|  inches. 

Ans.  60  per  oent. 

(26)  Find  the  efficiency  of  a  double-dgzag-riveted  lap  joint, 
made  of  iron  plate  and  iron  rivets,  the  plate  being  i  inch  thick, 
the  rivets  H  inch  in  diameter,  and  the  pitch  2}  inches. 

Ans.  71.74  per  cent. 


MARINE-BOILER  INSPECTION 

(PART  2) 


EXAMINATION  QUESTIONS 


Notice  to  Students. — Study  the  Instruction  Paper  thoroughly  before 
you  attempt  to  answer  these  questions.  Read  each  question  care- 
fully and  be  sure  you  understand  it ;  then  write  the  best  amwer 
you  can.  When  your  answers  are  competed,  examine  them  closely  and 
correct  all  the  errors  you  can  find;  then  mail  them  to  us, 

(1)  In  a  locomotive-tj^pe  boiler,  the  side  plates  of  the  fire- 
box are  ^  inch  thick  and  are  stayed  by  screwed  staybolts 
riveted  over  and  having  a  pitch  of  6  inches;  what  working 
pressure  will  be  allowed,  under  American  rules? 

Ans.  152.44  lb.  per  sq.  in. 

(2)  A  plate  f  inch  thick  is  reinforced  with  a  doubling  plate 
I  inch  thick  and  properly  riveted;  the  stayrods  are  placed 
16  inches  center  to  center  and  have  nuts  inside  and  outside 
the  plate.  What  working  pressure  will  be  allowed,  under 
American  rules?  Ans.  103.68  lb.  per  sq.  in. 

(3)  The  wrought-iron  upper  heads  of  a  Scotch  boiler  are 
f  inch  thick  and  are  reinforced  by  doubling  plates  \  inch  thick. 
The  stayrods  are  placed  15  inches  center  to  center  and  are 
fitted  with  nuts  inside  and  outside  the  plates.  What  work- 
ing pressure  will  be  allowed  on  the  heads,  tmder  Canadian  rules? 

Ans.  159.29  lb.  per  sq.  in. 

(4)  The  back  head  of  a  single-ended  Scotch  boiler  is  J  inch 
thick  and  is  supported  by  stayrods  placed  15  inches  center 
to  center,  the  stayrods  being  fitted  with  nuts,  and  washers 
having  a  thickness  of  |  inch  and  a  diameter  of  6  inches;  the 
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head  bdng  sted,  *hat  working  prcssiire  will  be  allowed  on  it. 
under  Canadian  rules?  Ans.  163.33  lb.  per  sq.  in. 

(6)  In  a  ateel  tube-sheet,  the  stay -tubes  arc  spaced  lOJ  inches 
both  boriaontally  and  venically;  the  tube-sheet  being  f  inch 
Uudk,  irtiat  woridng  pressure  will  lie  allowed  on  it.  under 
Canadian  rules?     .  Ans.  1S2.S3  lb.  per  sq.  in. 

(6)  In  a  Bted  lubc-shcet  ^  inch  thick  there  are  two  nests 
of  tubes;  tbe  center-to-ccnter  distance  of  the  bounding  rows 
b  10  inches;  each  allematc  tube  in  the  bounding  rows  is  a  stay- 
tube  fitted  with  nuts.  Under  Canadian  rules,  what  worldiig 
pressuie  will  be  aDowcd  on  the  part  of  the  tube-sheet  between 
thenestsf  Ans.  121.51b.  per  sq.  in. 

(7)  The  gted  tube-sheet  of  a  firebox  boiler  is  I  inch  thick 
and  contains  tubee  having  an  inside  diameter  of  2  inches  am! 
spaced  BJ  indies  center  to  center;  the  firebox  being  50  inches 
mdet,  «4iat  wcrid&f;  pressure,  calculated  for  crushing,  will  be 
allowed  on  the  Wbe-sheet,  under  Canadian  rules? 

Ans.   188.46  lb.  per  sq.  in. 

(8)  With  a  steam  pressure  of  100  pounds  pc;r  square  indi, 
what  load  is  borne  by  each  staybolt,  if  the  pitch  is  7  indies? 

Ans.  7,840  lb. 

(9)  Stayrods  2j  inches  in  diameter  are  placed  15J  inches 
center  to  center;  if  the  steam  pressure  is  120  poimds  per  square 
inch,  what  is  the  stress  per  square  inch  of  cross-section  of  the 
stayrod?  Ans.  5,873.25  lb.  per  sq.  in. 

(10)  Under  American  rules,  what  total  stress  will  be  allowed 
on  a  tested  Huston  brace  measuring  ^  inch  by  3i  inches  ? 

Ans.  10.718.751b. 

(11)  Stayrods  made  of  steel  are  placed  16  inches  center  to 
center;  what  should  their  area  be,  under  American  rules,  for  a 
steam  pressure  of  180  pounds  per  square  inch?  Take  the  allow- 
able stress  as  9,000  poimds  per  square  inch.       Ans.  5.12  sq.  in. 

(12)  A  palm  stay  is  62  inches  long  and  the  distance  from 
the  head  to  the  intersection  of  the  center  line  of  the  stay  with 
the  shell  is  57  inches;  the  area  supported  being  196  square 
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inches  and  the  steam  pressure  166  pounds  per  square  inch, 
what  is  the  load  on  the  stay?  Ans.  34,110.88  lb. 

(13)  Under  Canadian  rules,  what  should  be  the  area  of  a 
wrought-iron  welded  palm  stay  supporting  an  area  of  132  square 
inches  against  a  steam  pressure  of  165  pounds  per  square  inch, 
if  the  palm  stay  is  54  inches  long  and  the  length  of  a  line  at 
right  angles  to  the  boiler  head  and  to  the  end  of  the  stay  is 
47  inches?  Ans.  .4.17  sq.  in. 

(14)  What  working  pressure  will  be  allowed  on  a  Purves 
furnace  flue  46  inches  in  mean  diameter  and  A  ii^ch  thick? 

Ans.  171.2  lb.  per  sq.  in. 

(15)  An  Adamson  type  of  steel  furnace  flue  is  H  inch  thick, 
has  an  outside  diameter  of  41  inches,  and  the  sections  are 
27  inches  long;  what  working  pressure  will  be  allowed,  tmder 
American  rules?  Ans.  184.84  lb.  per  sq.  in. 

(16)  In  a  Roberts  water-tube  boiler,  each  head  of  the  steam 
drum  is  1  inch  thick  and  22  inches  in  diameter;  it  is  stayed 
by  one  stay  in  the  center.  What  working  pressure  will  be 
allowed,  vmder  Canadian  rules?  Ans.  245.96  lb.  per  sq.  in. 

(17)  An  unstayed  convex  head  is  bimiped  to  a  radius  of 
40  inches,  is  ys  i^ch  thick,  and  has  a  tensile  strength  of 
60,000  pounds  per  square  inch;  under  American  rules,  what 
working  pressure  will  be  allowed  on  this  head? 

Ans.  262.5  lb.  per  sq.  in. 

(18)  If  the  head  described  in  question  17  is  pressed  into 
shape  by  a  machine,  what  working  pressure  will  be  allowed 
on  it,  under  Canadian  rules?  Ans.  328.13  lb.  per  sq.  in. 

(19)  A  lap-welded  steel  pipe  18  inches  in  diameter  is  J  inch 
thick;  what  working  pressure  will  be  allowed  on  it,  vmder  Amer- 
ican rules?  Ans.  208.33  lb.  per  sq.  in. 

(20)  What  area  should  a  safety  valve  have  per  square  foot 
of  grate  surface,  under  American  rules,  for  a  boiler  pressure  of 
185  pounds  \x^r  square  inch  and  an  evaporation  of  90  pounds 
of  water  per  hour  per  square  foot  of  grate  surface? 

Ans.  .09333  sq.  in. 


PROPULSION  OF  VESSELS 


EXAMINATION  QUESTIONS 

(1)  If  a  vessel  is  steaming:  a^fainst  a  current  ronnins: 
3  knots,  what  is  its  speed  throucfh  the  water  if,  at  the 
end  of  2  days  of  24  hours  each,  it  is  720  nautical  miles 
from  the  port  of  departure,  steaming:  on  a  straisfht  course? 

Ans.  18  knots. 

(2)  What  is  the  motion  of  the  wake  in  relation  to  the  ship? 

(3)  What  is  meant  by  true  slip  and  apparent  slip? 

(4)  Is  it  possible  to  propel  a  vessel,  by  means  of  a 
stream  projected  rearwards,  without  having:  true  slip? 

(6)  What  are  the  direct  causes  of  negative  slip  being 
shown  in  a  calculation  for  apparent  slip? 

(6)  Subtract  360,814  from  1,999.  Ans.   -358,815 

(7)  What  is  the  true  slip  of  a  screw  propeller  of  15  feet 
pitch  at  100  revolutions  per  minute,  if  the  ship's  speed,  by 
the  log,  is  16  nautical  miles  per  hour  and  the  wake  has  a 
velocity  of  2  miles  per  hour?  Ans.  5.42  per  cent. 

(8)  A  side-wheel  steamer  makes  15  knots  when  the 
wheels  make  40  revolutions  per  minute;  if  the  effective 
diameter  of  the  wheels  is  14  feet,  what  is  the  percentage  of 
apparent  slip?  Ans.  13.6  per  cent.,  nearly 

(9)  What  is  the  diameter  of  the  rolling  circle  of  the 
wheels  of  the  steamer  mentioned  in  question  8? 

Ans.  12.1  ft.,  nearly 

(10)  A  stem-wheel  steamer  is  to  make  in  8  hours  an 
upstream  trip  between  two  cities  120  statute  miles  apart,  the 
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rhrer  miuiing  4  statute  miles  per  hour;  assuming  an  apparent 
slip  of  80  per  cent.,  and  that  the  wheel  wil)  make  36  revolu- 
ti<m8  per  minute,  what  should  be  the  effective  diameter  of 
the  wheel?  Ans.  21.12  ft.,  nearly 

(11)  What  is  meant  by:  (a)  radially  expanded  pitch  of 
•  screw  propeller?  W  itxially  expanded  pitch  of  a  screw 
l^opeller? 

(13)  'What  is  the  disk  area  of  a  screw  propeller? 
(18)     In  Tijeasuring  a  screw  propeller  for  pitch,  the  depth 

^   the   blade   was   found   to  be    36    inches    and    the 

61  iodies  ftt  a  distance  of  7  feet  8  inches  from  the  center  of 

tike  shaft;  what  is  the  pitch?  Ans.  34  ft. 

(14)  What  should  be  the  pitch  of  a  screw  propeller 
making  900  revolutions  per  mfnttte  with  an  apparent  sBp 
.esihaated  at  IS  per  cant;,  to  drite  a  vessel  8  kMOta^ 

Atts.  4.6.ft.,  naailr 
.  (15)  ChoostaE  a  constant  of  MJOOO,  what  should  b*  ibe 
diameter  of  a  four-blsded  screw  propeller  for  a  steamer  of 
300  indicated  horsepower,  the  screw  having  a  pitch  of  13  feet 
4  inches  and  making  75  revolutions  per  minute? 

Ans.  11  ft.,  nearly 

(16)  A  screw  propeller  of  20  feet  pitch  and  18  feet  in 
diameter  drives  a  vessel  at  a  speed  of  13  knots  in  respect  to 
the  wake  when  making  70  revolutions  per  minute;  what  is 
the  theoretical  thrust?  The  hub  of  the  propeller  is  4  feet  in 
diameter,  and  the  vessel  is  navigating  the  ocean. 

Ans.   15,411  lb.,  nearly 

(17)  An  engine  develops  1,020  indicated  horsepower  at 
70  revolutions  per  minute;  the  pitch  of  the  screw  propeller 
being  20  feet,  what  is  the  indicated  thrust? 

Ans.  24.042.86  lb. 

(18)  A  stem-wheel  steamer  with  engines  developing 
collectively  430  indicated  horsepower  at  40  revolutions  per 
minute,  has  a  wheel  with  an  effective  diameter  of  18  feet; 
find  the  indicated  thrust.  Ans.  6,273.3  lb. 
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(19)  A  steamer  500  feet  long  has  a  displacement  of 
8,916.6  tons;  if  the  coefficient  of  fineness  is  .5,  what  indicated 
horsepower  will  probably  be  required  to  drive  the  vessel  at 
a  speed  of  17  knots?  Ans.  8,802  I.  H.  P. 

(20)  If  an  engine  at  80  revolutions  per  minute  drives  a 
vessel  at  the  rate  of  20  knots,  how  fast  should  it  run  to  drive 
the  vessel  at  the  rate  of  18  knots?  Ans.  72  rev.  per  min. 

(21)  At  what  number  of  revolutions  per  minute  should 
the  wheels  of  a  side-wheel  steamer  be  run  to  drive  it 
14  statute  miles  per  hour,  when  the  diameter  of  the  wheels 
from  center  to  center  of  buckets  is  21  feet  and  the  probable 
apparent  slip  is  estimated  at  15  per  cent.? 

Ans.  22  rev.  per  min.,  nearly 

(22)  What  is  the  probable  speed  of  a  stern-wheel  steamer, 
in  nautical  miles  per  hour,  at  21  revolutions  per  minute, 
with  an  effective  wheel  diameter  of  14  feet  and  an  apparent 
slip  estimated  at  25  per  cent.?  Ans.  6.84  knots,  nearly 

(23)  What  is  the  probable  speed,  in  knots,  of  a  screw- 
propelled  steam  vessel  at  200  revolutions  with  a  pitch  of 
10  feet  and  an  estimated  apparent  slip  of  10  per  cent.? 

Ans.   17.76  knots,  nearly 

(24)  The  engine  of  a  screw-propelled  steamer  develops 
8,000  indicated  horsepower  at  80  revolutions  per  minute; 
what  power  may  it  be  expected  to  develop  at  85  revolutions 
per  minute?  Ans.  9,595.7  I.  H.  P. 

(25)  If  a  steamer  bums  120  tons  of  coal  per  day  at  a 
speed  of  20  knots,  what  will  be  its  probable  consumption  at 
21  knots?  Ans.  138.9  T.  per  da.,  nearly 

(26)  What  should  be  the  probable  speed  at  which  the 
coal  consumption  will  be  cut  down  to  40  tons  per  day,  when 
at  60  tons  per  day  the  ship  makes  12  statute  miles  per  hour? 

Ans.  10.5  mi.  per  hr.,  nearly 


REFRIGERATION 


EXAMINATION  QUESTIONS 

(1)  By  what  means  may  artificial  cold  be  produced? 

(2)  What  is  meant  by  adiabatic  expansion  and  by  adia- 
batic  compression? 

(3)  What  is  meant  by  isothermal  expansion  and  isother- 
mal compression? 

(4)  Can  expansion  be  adiabatic  and  isothermal  at  the 
same  time? 

(6)  What  is  the  ice-melting  capacity  of  a  refrigerating 
machine  that  abstracts  90,000  British  thermal  units  per  hour? 

Ans.  7.5  T. 

(6)  The  actual  capacity  of  a  refrigerating  machine  is 
12  tons  per  day,  in  which  time  2,800  pounds  of  coal  is  used 
for  running  the  machine;  what  is  its  commercial  efficiency? 

Ans.  8.57  lb. 

(7)  Will  air  hold  more  water  in  suspension  at  low  tem- 
peratures than  at  high  temperatures? 

(8)  What  is  the  greatest  objection  to  the  use  of  ether 
for  latent-heat  refrigerating  machines? 

(9)  What  is  the  difference  between  aqua  ammonia  and 
ammonia  gas? 

(10)  Does  ammonia  affect  copper  and  brass  in  any  way? 

(11)  By  what  means  can  the  strength  of  aqua  ammonia 
be  measured? 
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(12)  What  is  the  diflFerence  between  dry  compression 
and  wet  compression  in  an  ammonia-compression  system? 

(13)  On  what  fact  is  based  the  action  of  an  ammonia- 
absorption  system? 

(14)  What  objection  is  urged  against  the  use  of  Liver- 
pool salt  in  making  brine? 

(15)  To  what  is  the  freezing  of  chloride-of-calcium  brine 
due? 

(16)  In  the  plate  system  of  ice  making,  how  is  the  ice 
detached  from  the  plates  on  which  it  formed? 

(17)  If  the  usual  pressure  of  60  to  65  pounds  cannot  be 
kept  on  a  dense-air  system,  to  what  is  the  trouble  due? 

(18)  If  the  compressor  cylinder  of  an  ammonia-com- 
pression refrigerating  plant  commences  to  groan,  how  may 
this  noise  be  stopped? 


A  KEY  TO  ALL  THE  QUESTIONS 

AND  EXAMPLES 

Contained  in  the  Examination  Questions 
Included  in  this  Volume 


Thie  Keys  that  follow  have  been  divided  into  sections  cor- 
responding to  the  Examination  Questions  to  which  they 
refer,  and  have  been  given  corresponding  section  numbers. 
The  answers  and  solutions  have  been  numbered  to  corre- 
spond with  the  questions.  When  the  answer  to  a  question 
involves  a  repetition  of  statements  given  m  the  Instruction 
Paper,  the  reader  has  been  referred  to  a  numbered  article, 
the  reading  of  which  will  enable  him  to  answer  the  question 
himself. 

To  be  of  the  .greatest  benefit,  the  Keys  should  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
9S  a  pupil  would  go  to  a  teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a  source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  course. 


TYPES  OF  MARINE  BOILERS 


(1)  A  steam  boiler  must  contain  three  essential  parts:  a  place  for 
the  fire,  a  place  for  the  water,  and  a  division  between  them.  See 
Art.  3. 

(2)  In  the  fire-tube  boiler,  the  gases  of  combustion  pass  through 
the  tubes  or  flues  and  the  water  surrounds  these.  In  the  water-tube 
boiler,  the  water  circulates  through  the  tubes  and  the  heated  gases 
surround  them.     See  Art.  4. 

(3)  The  simplest  form  of  marine  boiler  in  use  at  the  present  time 
is  the  externally  fired  flue  boiler.     See  Art.  5. 

(4)  An  internally  fired  boiler  is  one  in  which  the  furnace  is  built 
into  and  constitutes  a  part  of  the  boiler.     See  Art.  7. 

(5)  It  contains  a  greater  area  of  heating  surface,  made  up  by 
small  tubes,  for  the  same  size  of  boiler.     See  Art.  8. 

(6)  The  Scotch  type  of  boiler  has  been  used  alrao.st  exclusively  on 
ocean  steamers  for  a  number  of  years  past.     See  Art.  10. 

(7)  In  the  Scotch  boiler,  the  combustion  chamber  is  built  in  the 
water  space  of  the  boiler;  while  in  the  Clyde  boiler  it  is  attached  to 
the  rear  head  and  is  not  surrounded  by  wat^r.     See  Art.  14. 

(8)  The  purpose  of  a  gunboat  boiler  is  to  provide  a  boiler  of  small 
diameter  for  gunboats  and  other  small  vessels  with  limited  space  below 
the  deck;  its  chief  peculiarity  is  that  the  tubes  are  placed  at  the  rear 
and  in\line  with  the  furnace  flues  instead  of  being  placed  above  and 
around  them.     See  Art.  15. 

(9)  Scotch  boilers  vary  principally  in  the  arrangement  of  their  com- 
bustion chambers;  the  design  having  a  separate  combustion  chamber 
for  each  furnace  is  considered  the  better.     See  Art.  16. 

( 10)  Vertical  boilers  are  adapted  for  steam  launches,  and  as  auxiliary 
boilers  on  larger  vessels.     See  Art.  17. 
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(11)  («}  and  (fi)  Vertical  boilers  are  divided  into  two  cla<ises:  Ibe 
fiush-lube  boiler  and  the  submerged-tube  boiler.  In  the  (ornier,  the 
upper  ends  of  the  tubes  are  surrounded  by  steam;  in  the  latter,  the  tube* 
are  entirety  surrounded  by  water.     See  Arts.  18  and  lU. 

(12]  Water-lube  boilers  are  senerally  classified  by  the  arraDgemeDt 
of  their  tubes  or  pipes.     See  Art.  20, 

(13)  The  Babcock  &  Wilcox  marine  boiler.     See  Art.  31. 

(14)  They  are  obviated  by  dividing  the  heating  surface  into  sectional 
elements,  each  element  being  free  to  expand  and  contract  independently 
of  the  others.     See  Art.  31. 

{lb)  By  increasing  the  height  of  the  furnace  as  it  approaches  the 
britige  wall.    See  Art.  31. 

(16)  A  high  furnace  temperature  is  maintained  in  a  Babcock  ft 
Wilcox  boiler  by  the  roof  of  fire-tiles  on  the  bottom  row  of  tubes,  which 
causes  the  gases  of  combustion  to  pass  over  the  bed  of  live  coals.     See 

An.  21. 

I   be 


(18)  The  tubes  of  a  Seabury  boiler  have  sufficient  bend  in  them  to 
allow  them  to  expand  and  contract  without  distortion  or  other  injury. 
See  Art.  26. 

(19)  By  right-and-left-threaded  steel  bustaingB.    See  Art.  BT. 

(20)  A  pipe  boiler  is  one  that  is  made  up  of  pipes  and  ordinary 
pipe  fittings  with  screwed  joints.     See  Art.  28. 

(21)  To  allow  any  steam  that  may  have  formed  in  the  feed-coil  to 
rise  into  the  steam  space  of  the  drum  and  the  water  to  fall  to  the  water 
level.    See  Art.  38. 

(22)  The  interior  of  thf  tabes  of  the  Alray,  as  well  as  of  other  pipe 
and  bent-tube  boilers,  is  inaccessible  for  cleaning;  therefore,  pare  feed- 
water  only  should  be  used  in  them.     See  Art.  31. 

(23)  Some  of  the  principal  advantages  of  the  Scotch  boiler  are:  its 
endurance  under  rough  usage;  it  is  not  difficult  to  take  care  of  and 
repair;  spare  tubes  can  be  obtained  in  most  seaports;  a  leaky  tube  can 
be  plugged  without  blowing  off  the  pressure;  a  new  tube  may  be  put 
in  without  much  difficulty,  and  the  tubes  are  easily  swept  of  soot. 
Some  of  the  disadvantages  are:  its  excessive  weight;  its  limit  of  pres- 
sure; the  injurious  effects  on  it  of  unequal  expansion  and  contraction, 
to  obviate  which  it  is  necessary  to  warm  it  and  cool  it  very  gradually, 
which  is  a  serious  disadvantage  in  some  cases.     See  Arts.  33  and  34. 
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(24)  In  a  properly  designed  water-tube  boiler  bf  the  straight-tube 
type,  the  tubes  can  be  cleaned  of  scale,  a  defective  tube  can  be  readily 
removed  and  a  new  one  inserted,  and  specially  shaped  tubes  are  not 
required,  which  are  advantages  over  the  bent-tube  boiler.    See  Art.  36. 

(25)  When  so  placed,  the  steam  is  delivered  from  both  ends  of  the 
tubes  spasmodically,  which  produces  foaming.  Scale  and  soot  will 
more  readily  be  deposited  on  horizontal  tubes  than  on  those  placed  at 
a  considerable  angle,  and  the  water  does  not  circulate  so  freely  through 
horizontal  tubes.    See  Art.  38. 


MARINE-BOILER  DETAII.S 


(1)  They  arc  built  up  of  curved  plates  of  iron  or  steel,  technically 
known  as  boiler  plates.     See  Art.  1. 

(2)  By  being  passed  between  three  heavy  rolls.     See  Art.  1. 

(3)  By  first  hammering  the  rivet  down  roughly  and  then  forming 
the  head  with  a  button  set.     See  Art.  3. 

(4)  When  one  boiler  plate  overlaps  another  and  the  two  are  joined 
by  one  or  more  rows  of  rivets,  the  joint  is  said  to  be  lap  riveted. 
When  two  plates  are  placed  edge  to  edge  and  the  joint  is  covered  with 
one  or  two  plates,  the  joint  is  called  a  butt  joint.     See  Art.  5. 

(5)  Calking  is  an  upsetting  process  applied  to  a  riveted  joint  to 
make  it  steam-  and  water-tight.     See  Art.  9. 

(6)  By  forging  the  flange  of  the  under  plate  tapering;  in  some 
cases  the  overlapping  flanges  are  welded  together.     See  Art.  10. 

(7)  To  the  diameter  of  the  boiler  or  drum  for  which  it  was  made. 
See  Art.  15. 

(8)  It  is  an  elliptic  opening  cut  in  the  head  or  shell  of  a  boiler, 
large  enough  to  permit  a  man  to  pass  through  and  enter  the  boiler  for 
the  purposes  of  inspecting,  cleaning,  and  repairing.     See  Art.  16. 

(9)  By  flanges.     See  Art.  20. 

(10)  The  flat  surfaces  of  boilers  are  not  self-supporting;  hence, 
they  must  be  braced  or  stayed.     See  Art.  25. 

(11)  They  must  be  provided  with  sockets  to  protect  them  from  the 
corrosive  action  of  the  sea-water.     See  Art.  28. 

(12)  To  support  the  tops  of  combustion  chambers  of  Scotch  boilers 
and  the  crown  sheets  of  firebox  boilers.     See  Arts.  33  and  34. 

(13)  Furnaces  of  marine  boilers  are  divided  into  two  classes,  exter- 
nal and  internal.     See  Art.  30. 

(14)  Plain  and  corrugated.     See  Art.  37. 

(15)  They  are  invariably  welded.    See  Art.  39, 
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(11)  (a)  and  (d)  Vertical  boilers  are  divided  into  two  classes:  the 
flush-tube  boiler  and  the  submerged- tube  boiler.  In  the  former,  the 
upper  ends  of  the  tubes  are  surrounded  by  steam;  in  the  latter,  the  tubes 
are  entirely  surrounded  by  water.     See  Arts.  18  and  19. 

(12)  Water-tube  boilers  are  generally  classified  by  the  arrangement 
of  their  tubes  or  pipes.     See  Art.  20. 

(13)  The  Babcock  &  Wilcox  marine  boiler.     See  Art.  21. 

( 14 )  They  are  obviated  by  dividing  the  heating  surface  into  sectional 
elements,  each  element  being  free  to  expand  and  contract  independently 
of  the  others.     See  Art.  21. 

(15)  By  increasing  the  height  of  the  furnace  as  it  approaches  the 
bridge  wall.     See  Art.  21. 

(16)  A  high  furnace  temperature  is  maintained  in  a  Babcock  & 
Wilcox  boiler  by  the  roof  of  fire-tiles  on  the  bottom  row  of  tubes,  which 
causes  the  gases  of  combustion  to  pass  over  the  bed  of  live  coals.  See 
Art.  21. 

(17)  A  most  important  feature  in  any  boiler  is  that  it  can  be 
cleaned  of  scale.     See  Art.  23. 

(18)  The  tubes  of  a  Seabury  boiler  have  sufficient  bend  in  them  to 
allow  them  to  expand  and  contract  without  distortion  or  other  injury. 
See  Art.  26. 

(19)  By  right-and-left-threaded  steel  bushings.     See  Art.  27. 

(20)  A  pipe  boiler  is  one  that  is  made  up  of  pipes  and  ordinary 
pipe  fittings  with  screwed  joints.     See  Art.  28. 

(21)  To  allow  any  steam  that  may  have  formed  in  the  feed-coil  to 
rise  into  the  steam  space  of  the  drum  and  the  water  to  fall  to  the  water 
level.     See  Art.  28. 

(22)  The  interior  of  the  tubes  of  the  Almy,  as  well  as  of  other  pipe 
and  bent-tube  boilers,  is  inaccessible  for  cleaning;  therefore,  pure  feed- 
water  only  should  be  used  in  them.     See  Art.  31. 

(2.S)  Some  of  the  principal  advantages  of  the  Scotch  boiler  are:  its 
endurance  under  rough  usage;  it  is  not  difficult  to  take  care  of  and 
repair;  spare  tubes  can  be  obtained  in  most  seaports;  a  leaky  tube  can 
be  plugged  without  blowing  off  the  pressure;  a  new  tube  may  be  put 
in  without  much  difficulty,  and  the  tubes  are  easily  swept  of  soot. 
Some  of  the  disadvantages  are;  its  excessive  weight;  its  limit  of  pres- 
sure; the  injurious  effects  on  it  of  unequal  expansion  and  contraction, 
to  obviate  which  it  is  necessary  to  warm  it  and  cool  it  very  gradually, 
which  is  a  serious  disadvantage  in  some  cases.     See  Arts.  33  and  34. 


MARINE-BOILER  ACCESSORIES 


(1)  It  is  a  device  used  to  prevent  the  steam  within  the  boiler 
exceeding  a  certain  pressure,  and  it  is  weighted  either  by  a  weight  on 
a  lever»  a  weight  directly  on  the  valve,  or  by  a  coiled  spring.  See 
Arts.  1  to  4.  • 

(2)  The  lever  safety  valve  is  used  to  some  extent  on  river  steamers, 
but  the  so-called  pop  safety  valve  has  almost  entirely  superseded  all 
other  forms  of  safety  valves  for  marine  boilers.     See  Arts.  2  and  5. 

(3)  For  lever  safety  valves,  the  area  of  opening  must  be  at  least 
1  sq.  in.  to  every  2  sq.  ft.  of  grate  surface  of  the  boiler  to  which  it  is 
attached;  for  spring- loaded  safety  valves,  the  area  of  opening  must  be 
at  least  1  sq.  in.  to  every  3  sq.  ft.  of  grate  surface;  and  all  spring-loaded 
safety  valves  for  water- tube,  coil,  and  sectional  boilers  carrying  a  steam 
pressure  exceeding  175  lb.  per  sq.  in.  must  have  an  area  of  not  less  than 
1  sq.  in.  to  every  6  sq.  ft.  of  grate  surface  of  the  boiler.     See  Art.  6. 

(4)  It  is  equal  to  the  area  of  the  valve  multiplied  by  the  pressure 
per  unit  of  area,  usually  1  sq.  in.     See  Art.  11. 

(5)  The  area  of  the  valve  =  2.5*  X  .7854  =  4.9087  sq.  in.;  hence,  the 
upward  force  =  4.9087  X  60  =  294.52  lb.  The  weight  must  be  equal 
to  the  upward  force;  hence,  the  weight  =  294.521b.    Ans.    See  Art.  12. 

(6)  It  will  first  be  necessary  to  find  the  area  of  the  valve,  which  is 

4*  X  .7854  =  12.5664  sq.  in.;  next  find  the  downward  force  exerted  on 

the  valve  by  the  lever.     The  entire  weight  of  th^  lever  is  assumed  to 

act  at  its  center  of  gravity,  and,  as  the  lever  is  straight  and  parallel, 

48 
its  center  of  gravity  is  midway  between  its  two  ends,  or  -s-  =  ^4  in. 

15  X  24 
from    the    fulcrum.    Then,  -^-j-^—  =  80    lb.,    the   downward    force 

exerted  on  the  valve  by  the  lever.  This  sum  added  to  the  weight  of 
the  valve  and  stem  =  80  -h  12  =  92  lb.,  which  represents  the  total  of 
these  two  downward  forces.  See  Art.  13.  Then,  by  applying  the  rule 
given  in  Art.  14, 

''=-12.5664-  =  12«-^'"'-    ^•• 
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TIlis  problem  can  also  be  solved,  with  the  same  resull.  by  rule  I. 
Art.   17,  as  follows; 

150  X  -IS  +  15  X  V  +  18  X  4-5  ^ 
i'X.78MX4.5 


p  =  '™- 


-  =  126.6871b.    Ans. 


(7)     The  area  of  the  valve  is, 
dowDwarrl  force  eierted  oil  the  vnlve  by  the  lever,  - 

to  this  add  the  weight  of  the  valve  and  stem.  M  +  8  =  101  lb. 
Art.  13.     Then,  by  applying  the  rule  giveu  in  Art,  15, 
.   _   (il.621l  X  IflO-  UM)  Y.\ 


result,  by  applying 


Thii  problem  can  also  he  Gotved.  with  the  s 
rule  in.  Art,  17,  as  follows: 

^  _  9JKlU^i60xl^J16><V  + «  X  <)  .  3,2,  ,..     a... 

(9)  First,  And  the  weight  of  the  lever.  Its  cubic  cootents  are 
42  X  1.5  X. 75  =  47.25  cu,  in,  lis  weight,  therefore,  is  4T.25x.2S 
-^  13,23  lb.  The  distance  from  the  fulcrum  to  center  of  gravity  of 
the  lever  fs  one-balf  its  leDglh,  siuce  the  lever  is  straighti  hence,  Ihe 
21  X  1.'?.23 


downward  force  due  to  the  weight  of  the  lever  =  - 


=>  6S.4Q  tb. 


The  total  iltjwuwarri  force  due  to  the  wcifihl  of  the  valve,  stem,  and 
lever  ii,  therefore,  6S.46  +  6.54  -  76  lb.    See  Art.  13. 
Then,  by  applying  the  rule  given  in  Art.  16, 

=  57.5  lb.  Aos. 

=  67.5  tb.  Ans, 

=  77.5  lb.  Ans. 

=  92.6  lb,  Ans. 

These  problems  can  also  be  solved,  with  the  same  results,  by  apply- 
ing rule  II,  Art.  17,  as  follows: 
,,       ,„       10  X  65  X  4  -  (H,23  X  V  +  5.54  X  4)        ,,  .  ,.         . 

=  67.6  lb.     Ans. 


I 


(.) 

"^                      40 

(») 

„  _  (10  X  7»  -  75)  X  4 

w 

^       (10  X  85  -  75)  X  4 
"^  -                  40              ' 

M 

,„       (10X100-75)X4 

10  X 

75  X  4  - 

40 
(13.23X  V  +  6.54X4) 

10  X 

85X4- 

40 
(W.23  X 

V  + 5.54X4) 

10  X 

100X4 

40 

-  (13.23  X 

V  +  5.54  X  4) 

=  77.5  lb.     Ans. 
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(9)  Applying  the  rule  given  in  Art.  19, 

-,       .76*  X  8,000       ,o-  -n  lu  A 

/*  =      ,  -  —  i —  =  13/. /5  lb.  per  sq.  in.    Ans. 

See  Art.  19. 

(10)  Care  should  be  taken  that  there  is  no  stop-valve  on  the  pipe 
between  the  safety  valve  and  the  boiler;  or,  if  there  is  one,  it  should  be 
removed  or  arranged  so  that  it  cannot  be  closed  under  any  circum- 
stances.    See  Art.  20. 

(11)  To  indicate  the  pressure  of  steam  in  the  boiler.     See  Art.  21. 

(12)  Applying  the  rule  given  in  Art.  23, 

absolute  pressure  =  (30  -  26)  X  .49  =  1.96  lb.    Ans. 

(13)  It  should  be  located  so  that  the  surface  of  the  water  in  the 
boiler  will  show  in  the  middle  of  the  gauge  glass  when  at  its  proper 
level  in  the  boiler.     See  Art.  28. 

(14)  They  may  be  too  long  to  allow  for  expansion  between  the 
fittings;  they  may  be  packed  too  tightly,  or  may  not  be  properly  centered 
at  the  ends.     See  Art.  29. 

(15)  The  violent  ebullition  at  the  surface  of  the  water  will  cause 
them  to  indicate  a  wrong  water  level,  which  is  overcome  by  attaching 
the  gauge-cocks  and  water  gauge  to  a  separate  fitting,  called  a  water 
column.     See  Art.  32. 

(16)  If  the  water  in  the  boiler  should  foam  or  the  connection 
between  the  glass  tube  and  the  boiler  is  stopped  up  with  scale  or  sedi- 
ment, the  glass  gauge  cannot  show  the  true  water  level.     See  Art.  33. 

(17)  The  water  column  cannot  be  properly  tested  if  these  valves 
are  omitted.     See  Art.  36. 

(18)  In  the  boilers  of  vessels  navigating  the  western  and  southern 
rivers  of  the  United  States  of  North  America;  for  the  reasons  that  the 
waters  of  these  rivers  are  usually  quite  muddy  and  the  boilers  are 
forced,  producing  considerable  foaming,  conditions  under  which  the 
glass  water  gauge  is  unreliable.     See  Art.  39. 

(19)  It  consists  of  a  hollow  bronze  casing,  threaded  on  the  outside, 
the  hollow  being  filled  with  Banca  tin,  which  will  melt  should  the 
water  in  the  boiler  fall  below  and  expose  the  heated  surface,  in  which 
it  is  placed,  to  the  direct  action  of  the  fire;  it  thus  allows  the  steam  to 
escape  and  give  warning  of  the  shortness  of  water.  One  plug  is  screwed 
in  one  of  the  flues  and  one  in  the  shell  of  a  cylindrical  flue  boiler. 
See  Art.  40. 

(20)  There  are  two  kinds  of  blow-off  cocks,  namely,  bottom  and 
surface  blow-off  cocks.  The  bottom  blow-off  cock  is  used  to  empty 
or  partially  empty  the   boiler  of  water.     The  surface  blow-off  cock 
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(16)  Bridge  walls  are  constructed  of  firebricks;  their  purpose  is  to 
retard  the  escape  of  the  gases  from  the  f timace  and  thereby  promota 
more  perfect  combustion.    See  Art.  46.      ' 

(17)  A  lasy  bar  is  a  wrought-iron  bar  placed  across  the  mouth  of 
the  furnace  or  ash-pit  to  serve  as  a  rest  for  the  firing  tools  while  work- 
ing a  fire  or  cleaning  out  an  ash-pit.    See  Art.  47. 

(18)  A  combustion  chamber  is  an  enclosed  space  in  which  the 
gases  from  the  tumace  may  be  mixed  with  air  imd  bm  thoroughly 
consumed.    See  Art.  49. 

(10)  They  are  secured  to  the  sh^  and  rear  head  of  the  boiler, 
and  to  each  other  by  staybolts.    See  Art.  61* 

(20)  As  the  combustion  chambtt*  is  located  at  the  rear"  end  of  the 
fluesi  at  some  distance  from  the  furnace,  there  is  an  opportunity  for 
the  unconsumed  gases  to  cool  below  the  temperature  of  ignition  before 
they  reach  the  combustion  chamber.    See  Art.  64. 

(21)  It  is  important  that  the  grate  be  placed  far  enough  below  the 
tubes  to  permit  a  thorough  mixture  of  the  gases  and  air  to  insure  a 
complete  combustion  of  the  gases  before  they  enter  the  spaces  between 
the  tubes.    See  Art.  56. 

(22)  To  increase  the  heating  surface  of  a  boiler.    See  Art.  68. 

(23)  The  ends  of  the  tubes  are  expanded  in  the  tube-sheets  by  a 
tool  called  a  tube  expander.    See  Art.  60. 

(24)  By  screw  ferrules  threaded  both  inside  and  outside.  See 
Art.  64. 

(25)  It  causes  the  hot  gases  to  take  a  spiral  course  through  the  tube, 
thus  keeping  the  gases  in  contact  with  the  tube  a  longer  time  to  surren- 
der their  heat.    See  Art.  66. 


FIRING 


(1)  (a)  Elements  are  substances  that  have  never  been  decomposed 
into  other  substances. 

(d)  Compounds  are  substances  that  can  be  decomposed  into  other 
substances. 

{c)  A  mixture  is  a  substance  formed  by  two  or  more  substances 
that  are  in  contact  with  each  other,  but  that  do  not  combine.  See 
Arts.  2,  8,  and  9. 

(2)  (a)  Each  molecule  of  an  element  is  composed  of  two  atoms. 
{d)     Equal  volumes  of  gases  at  the  same  pressure  and  temperattgre 

contain  equal  numbers  of  molecules.    See  Art.  5. 

(3)  The  atomic  weight  of  an  element  is  the  ratio  between  the 
weight  of  an  atom  of  the  element  and  an  atom  of  hydrogen,  the  latter 
being  taken  at  1.    .See  Arts.  7  and  8. 

(4)  Combustion  is  the  chemical  combination  of  oxygen  with  car- 
bon, or  hydrogen,  or  both;  the  great  affinity  or  attraction  that  the 
atoms  of  oxygen  have  for  the  atoms  of  carbon  or  hydrogen  causes  them 
to  rush  together  with  such  rapidity  and  force  that,  when  they  com- 
bine, heat  and  light  are  produced.    See  Art.  10. 

(5)  (a)  Carbon  dioxide  is  formed.    See  Art.  11. 
(d)  Carbon  monoxide  is  formed.    See  Art.  13. 

(6)  Carbon.     See  Art.  15. 

(7)  Applying  the  rule  in  Art.  15, 

A  ^  162  X  .80  +  467  X  .06  =  149.02  cu.  ft.    Ans. 

(8)  Applying  the  rule  in  Art.  16, 

A'  -  14,600  X  .74  +  62,000  (.08  -  ^)  -f  4,000  X  .02  -  15,466.6  B.  T.  U. 

Ans. 

(9)  ^^  =  16  lb.,  nearly.     Ans.     See  Art.  17. 

(10)  A  high  furnace  temperature  is  conducive  to  complete  com- 
bustion and  causes  the  water  to  take  up  heat  faster  than  low  tempera- 
tures.    See  Art.  18, 
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(11)  It  depends  entirely  on  its  cheniical  composition,  that  is.  tbc 
amounlB  of  carbon,  liydrogea,  sulphur,  and  oxyg^en  il  coDtains;  and  as 
these  vary  greatly,  the  beat  of  combustion  varies  accordingly.  See 
Art.  36. 

(12)  Tlie  arivantages  of  using  petroleum  as  fuel  for  marine  pur- 
poses are:  Reduced  weigbt  and  space  occupied  per  horsepower;  a 
smaller  number  of  Jiremen  required;  less  time  required  to  raise  steam; 
quick  lighting  and  putting  out  of  fires;  easy  and  complete  coDtro!  at 
the  fires  to  meet  the  steam  requirements;  no  ashes  or  smoke.  The 
disadvantages  are:  loss  by  evaporation;  liability  to  explosion;  dis- 
agreeable odor;  uacerlainly  of  supply;  high  price.     See  Art.  27> 

(13)  There  are  three  methods  of  hand  firing  in  commoli  ase: 
spreading  firing,  coking  firing,  and  alternate  Uring.     See  Art,  28. 

(H)  Gas  explosions  are  caused  by  the  hydrocarbons  becoming 
mixed  with  air  In  certain  proportions  and  the  mixture  becoming 
ignited.  They  may  be  avoided  by  firing  light,  by  alternate  Bring,  and 
by  always  leaving  some  part  of  the  fire  uncovered  when  putting  in 
fresh  coal.     See  Art.  32. 

(15)  The  oil  is  injected  into  the  furnace  in  the  form  of  spruy  by 
means  oE  a  jet  of  air  or  sleaiD.     See  Art.  4 1 . 

(16)  The  difference  In  weight  between  a  column  of  hot  gases  insidmfl 
the  smokestack  and  an  equal  volume  of  cold  air  outside  the  smoh«-1 
■Uck.    Sm  Art.  49. 

(17)  By  means  of  ■  water  gKuge.    Sm  Art.  SO. 

(18)  Applying  rule  III,  Art.  51, 

V  =  2.25  ^l60  =  17.429  lb.  per  sq.  ft.  of  grate  area  per  hr. 
The  total  grate  area  =  6  X  3  X  S.5  X  3.33  =  520  sq.  ft.;  bence,  the 
probable  maximum   coal   consumption  =  520  X  17.129  -  0,063.08  lb. 
per  hr.    Ans. 

(19)  Mechanical  or  forced  draft  is  produced  by  means  of  mecfaaai- 
cally  driven  fans  or  by  steam  jets.    See  Art.  S3. 

(20)  It  delivers  liot  air  into  the  ash-pits  and  furnaces,  which  tends 
to  promote  complete  combustion  of  the  fuel.    See  Art.  58. 

(21)  By  means  of  fans  or  steam  jets  placed  in  the  base  of  the 
smokestack  or  in  the  uptake  of  a  boiler,  or  by  turning  the  exhaust 
steam  of  a  non-condensing  engine  into  the  smokestack.  See  Arts.  04, 
55,  S6,  and  57. 


ECONOMIC  COMBUSTION 


'    (1)    The  hydrocarbons  are  driven  oflf  in  the  form  of  gases  and 
vapors.    See  Art.  2. 

(2)  The  remaining  substance  is  coke,  which  is  composed  largely  of 
carbon.     See  Art.  2. 

(3)  Carbureted  hydrogen  and  olefiant  gas.     See  Art.  2. 

(4)  In  combination  with  iron,  forming  iron  pyrites.     See  Art.  2. 

(5)  1,800°  P.,  as   that   is   the  igniting  temperature  of  the  com- 
bustible substances.     See  Art.  4. 

(6)  (a)  Yes. 

(d)     It  should  be  furnished  with  a  supply  of  oxygen  and  highly 
heated.     See  Art.  5. 

(7)  By  bringing  the  carbon  dioxide  in  contact  with  carbon  at  a 
high  temperature.     See  Art.  5. 

(8)  A  sufficient,  thoroughly  distributed  air  supply,  and  a  high  tem- 
perature.   See  Art.  6. 

(9)  Into  that  composed  of  tarry  vapors  and  that  composed  of  small 
particles  of  carbon.     See  Art.  7. 

(10)  Minute  particles  of  unburned  carbon.     See  Art.  7. 

(11)  To  too  low  a  furnace  temperature  or  to  an  uneven  distribution 
of  the  air  supply.     See  Art.  9. 

(12)  By  introducing  air  above  the  grate  or  by  increasing  the  supply 
of  air  introduced  below  the  grate.     See  Art.  10. 

(13)  A  brisk  fire  and  consequent  high  furnace  temperature.     See 
Art.  10. 

(14)  By  yellowi.sh  vapors  arising  from  the  fire  or  issuing  from  the 
smokestack.     See  Art.  11. 

(15)  A   sufficient,   thoroughly  distributed  air  supply  and  a  high 
temperature.     See  Art.  12. 
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is  for  the  purpose  of  blowing,  off  the  oil  and  grease,  and  other 
impurities  floating  on  the  surface  of  the  water.    See  Arts.  42  and  48. 

(21)  Great  care  should  be  toercised  to  completely  dose  the  cocks 
or  valves  so  that  the  water  cannot  leak  out  of  the  boiler  through  them. 
See  Art.  44* 

(22)  In  such  a  manner  that  the  valve  will  close  against  the  pres- 
sure so  that  the  valve  stem  may  be  packed  without  blowing  off  ^e 
steam  from  the  boiler.    See  Art.  46. 

(23)  To  permit  the  flow  of  fluids  in  one  dirscdon  only  and  to 
prevent  any  return  flow.    See  Aft.  49* 

(24)  By  means  of  expansion  or  slip  joints,  or  by  bends  in  the  pipe. 
See  Arts.  61.  and  52^ 

(25)  It  may  be  changed  to  a  higher  pitch  by  lowering  the  bell,  and 
to  a  lower  pitch  by  raising  the  bell.    See  Art.  58. 

(26)  It  should  not  be  less  than  the  combined  area  of  all  the  tubes 
discharging  into  it.    See  Art.  57. 

(27)  To  prevent  the  Superheated  steam  from  drjring  out  the  pack» 
ing  used  about  the  engine  and  carbonizing  the  oil  used  for  lubricatiiifi^ 
the  cylinders,  but,  at  the  same  time,  to  derive  the  beneflt  of  dry  satu- 
rated steam.    See  Art.  80.. 

(28)  It  is  a  pipe  provided  with  a  number  of  slots  or  perforations; 
it  is  connected  to  the  main  steam  pipe,  and  is  located  inside  the  boiler 
at  the  highest  point.    See  Art.  62. 

(29)  It  is  an  apparatus  to  remove  entrained  water,  oil,  dirt,  or 
other  impurities  from  a  current  of  steam  flowing  through  a  pipe.  It 
may  be  located  in  the  main  steam  pipe  to  separate  the  entrained  water 
from  the  steam,  or  in  the  exhaust  pipe  between  the  engine  and  con- 
denser to  remove  the  oil,  dirt,  or  other  impurities  from  the  exhaust 
steam  before  it  is  condensed  and  returned  to  the  boiler  as  feedwater. 
See  Art.  63. 

(30)  By  gusset  braces  or  brackets  of  iron  or  steel  plate  secured  by 
angle-bar  clips  to  the  saddles  and  to  plates  firmly  riveted  to  the  fra- 
ming of  the  vessel,  or  directly  to  the  framing.    See  Arts.  64.  Itnd  65. 


MARINE-BOILER  FEEDING 

(PART  1) 


(1)  Pumps  and  injectors.     See  Art.  1. 

(2)  No;  since  the  condensing  water  and  condensed  steam  are 
mixed,  the  feedwater  will  contain  the  same  impurities  as  the  condens- 
ing water.     See  Art.  2. 

(3)  On  a  level  with  the  top  of  the  tubes  and  downwards  between 
the  nests  of  tubes.     See  Art.  5. 

(4)  By  adjusting  the  lift  of  the  feed  check-valves.     See  Art.  8. 

(5)  By  changing  the  speed  of  "the  pump.     See  Art.  8. 

(6)  To  prevent  shocks  and  steady  the  flow  of  water  in  the  suction 
pipe.     See  Art.  9. 

(7)  To  prevent  a  breakdown  through  undue  pressure.    See  Art.  12. 

(8)  In  starting,  the  steam  flowing  through  the  injector  at  a  high 
velocity  carries  most  of  the  air  out  of  it,  thus  creating  a  partial 
vacuum.  The  pressure  of  the  atmosphere  than  forces  water  into  the 
injector,  where  it  meets  the  steam.  In  the  combining  tube,  the  steam 
is  condensed,  but  imparts  part  of  its  own  velocity  to  the  water,  giving 
it  sufficient  momentum  to  open  the  check-valves  and  then  enter  the 
boiler.     See  Arts.  13  and  14. 

(9)  No.  When  an  injector  is  working  at  its  maximum  capacity, 
the  temperature  of  the  feedwater  will  be  the  least.     See  Art.  13. 

(10)  The  delivery  of  water  from  a  given  weight  of  steam  becomes 
less  with  an  increase  of  the  steam  pressure.     See  Art.  10. 

(11)  No;  there  is  a  distinct  class  of  injectors  that  will  not  lift  water 
and  hence  must  be  placed  below  the  water-supply  level.     See  Art.  18. 

(12)  That  it  will  automatically  start  again  in  case  the  jet  of  water 
is  accidentally  broken.     See  Art.  18. 

(13)  By  a  heating  of  the  injector  and  failure  to  work.    See  Art.  22. 
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(11)  It  depends  entirely  on  its  chemical  composition,  that  is,  the 
amounts  of  carbon,  hydrogen,  sulphur,  and  oxygen  it  contains;  and  as 
these  vary  greatly,  the  heat  of  combustion  varies  accordingly.  See 
Art.  25. 

(12)  The  advantages  of  using  petroleum  as  fuel  for  marine  pur- 
poses are:  Reduced  weight  and  space  occupied  per  horsepower;  a 
smaller  number  of  firemen  required;  less  time  required  to  raise  steam; 
quick  lighting  and  putting  out  of  fires;  easy  and  complete  control  of 
the  fires  to  meet  the  steam  requirements;  no  ashes  or  smoke.  The 
disadvantages  are:  loss  by  evaporation;  liability  to  explosion;  dis- 
agreeable odor;  uncertainty  of  supply;  high  price.     See  Art.  27. 

(13)  There  are  three  methods  of  hand  firing  in  common  use: 
spreading  firing,  coking  firing,  and  alternate  firing.     See  Art.  28. 

(14)  Gas  explosions  are  caused  by  the  hydrocarbons  becoming 
mixed  with  air  in  certain  proportions  and  the  mixture  becoming 
ignited.  They  may  be  avoided  by  firing  light,  by  alternate  firing,  and 
by  always  leaving  some  part  of  the  fire  uncovered  when  putting  in 
fresh  coal.     See  Art.  32. 

.    (15)     The  oil  is  injected  into  the  furnace  in  the  form  of  spray  by 
means  of  a  jet  of  air  or  steam.     See  Art.  41. 

(16)  The  difference  in  weight  between  a  column  of  hot  gases  inside 
the  .smokestack  and  an  equal  volume  of  cold  air  outside  the  smoke- 
stack.    See  Art.  49. 

(17)  By  means  of  a  water  gauge.     See  Art.  50. 

(18)  Applying  rule  III,  Art.  51, 

IV  =  2.25  V60  =  17.429  lb.  per  sq.  ft.  of  grate  area  per  hr. 
The  total  grate  area  =  8  X  3  X  0.5  X  3.33  =  520  sq.  ft.;  hence,  the 
probable  maximum    coal    consumption  =  520  X  17.429  =  9,063.08   lb. 
per  hr.     Ans. 

(19)  Mechanical  or  forced  draft  is  produced  by  means  of  mechani- 
cally driven  fans  or  by  steam  jets.     See  Art.  52. 

(20)  It  delivers  hot  air  into  the  ash-pits  and  furnaces,  which  tends 
to  promote  complete  combustion  of  the  fuel.     See  Art.  53. 

(21)  By  means  of  fans  or  steam  jets  i)laced  in  the  base  of  the 
smokestack  or  in  the  uptake  of  a  boiler,  or  by  turning  the  exhaust 
steam  of  a  non-condensing  engine  into  the  smokestack.  See  Arts.  54, 
65,   50,  and  57. 


MARINE-BOILER  FEEDING 

(PART  2) 


(1)  To  take  water  from  the  water  end  of  a  surface  condenser  and 
deliver  it  to  the  steam  end  in  order  to  make  up  loss  of  feedwater.  See 
Art.  1. 

(2)  By  a  gradual  lowering  of  the  boiler  water  level,  even  though 
the  feed-apparatus  is  working  properly.     See  Art.  1. 

(3)  By  evaporating  it  and  condensing  the  steam  in  a  separate 
vessel.     See  Art.  2.  / 

(4)  It  permits  the  free  escape  of  condensed  steam  from  the  heating 
coils  and  prevents  the  escape  of  live  steam.     See  Art.  6. 

(5)  That  there  is  5  lb.  of  solid  matter  in  every  32  lb.  of  the  water. 
See  Art.  8. 

(6)  First  correct  the  boiling  point.    30  -  29.8  =  .2.    2  X  .16  =  .32. 

Then,  at  30  in.  of  barometric  reading,  the  water  would  boil  at  219.4 

-f  .32  =  219.72**  F.     Applying  the  rule  in  Art.  9, 

«       219.72  -  212      6.43      ^         . 

•^  ~  1  o  — ~  ~  ~'io   saturation.    Ans. 

(7)  To  find  the  density  of  the  boiler  water.     See  Art.  10. 

(8)  Yes;  if  the  temperature  of  the  water  is  higher  than  that  for 
which  the  salinometer  is  graduated,  the  instrument  will  indicate  too 
low  a  saturation.  Conversely,  if  the  temperature  is  low,  the  salinom- 
eter will  indicate  too  high  a  saturation.     See  Art.  12. 

(9)  By  rule  I,  Art.  14, 

8,000  X  *2 
A  = g,   -  -  =  888i  gal.    Ans. 

32 

(10)  By  rule  II,  Art.  14, 

£  =  5.600  X  I  ^^  -  1  I  =  23,100  lb.    Ans. 


1 
^32 
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(11)    By  rule  111,  Art.  14, 

A  =  '-- =  750  gal.  blown  off  per  hour. 


Theo.  the  total  feed  is  3,000  +  750  =  3,750  gal,    Aas. 

(12)  A  reduced  formation  of  scale,   a  reduced   heat   loss  due    tO  I 
e  fee^waler  oa  top  I 

(13)  It  increases  the  rapidity  of  tbe  transfer  of  heat,  prevents  to  • 
some  degree  the  deposit  of  sediment  and  tends  to  keep  the  boiler  i 
parts  at  a  uniform  temperature.     See  Art,  20. 

(14)     By  division  piates,  by  a  pump,  or  by  some  form  of  circulating 
apparatus.    See  Arts.  2S,  24,  '25,  27,  and  28. 

(15)     The  B.  T.  U.  lost  in  each  lb.  of  water  blown  off  is  368.236 

-  120  =  248.226.    By  rule  II,  Art.  14,  1  X  I  y  -  1     =  4  lb.  of  water 

is  converted  into  sieam  for  each  pound  of  water  blown  off.  Then,  tbe  • 
total  heat  above  120"  F.  is  [1,1!»4.261  -( 120  -  32)]  X  4  =  4,425.00*  ' 
B.  T.  U.    Applying  the  mle  In  Ait.  IS, 


MARINE-BOILER  MANAGEMENT 


(1)  To  report  the  facts  of  the  case  at  once  to  the  local  inspectors  of 
the  district.    See  Art.  1. 

(2)  The  air  inside  the  boiler  should  be  tested  by  means  of  a  lighted 
lamp  or  candle.    See  Art.  2. 

(3)  By  having  men  tally  the-tubs  or  baskets  of  coal  brought  aboard. 
See  Art.  4. 

(4)  They  should  be  given  a  coating  of  tallow  and  graphite.  See 
Art.  6. 

(5)  Opening  the  safety  valve  to  let  the  air  escape  and  then  opening 
the  bottom  blow-off  cock.    See  Art.  7. 

(6)  If  set  taut,  they  should  be  slacked  off.     See  Art.  10* 

(7)  It  should  be  leveled.     See  Art.  12. 

(8)  By  cleaning  the  fire  first  of  all,  then  spreading  the  live  coal 
over  the  front  of  the  grate  and  filling  the  rear  of  the  grate  with  fresh 
coal.    See  Art.  14. 

(9)  Close  the  damper  and  ash-pan  doors,  and  use  the  bleeder  if 
necessary.  If  this  does  not  suffice,  push  back  the  fires.  As  a  last 
resort,  open  the  furnace  doors  and  connection  doors;  pump  in  cold 
water  and  use  the  blow-off  cock,  or  let  steam  escape  from  the  safety 
valves.     See  Art.  15, 

(10)  Boilers  too  small,  bad  design,  insufficient  steam  space,  irregu- 
lar firing,  and  stop-valves  opened  suddenly.     See  Art.  18. 

(11)  By  a  cracking  .sound  in  the  engine  cylinders.     See  Art.  19. 

(12)  By  a  violent  agitation  of  the  water  in  the  gauge  glass  and  the 
absence  of  a  sharply  defined  water-line.     See  Art.  20. 

(13)  Using  the  gauge-cocks.     See  Art.  24. 

(14)  Of  spontaneous  combustion  having  .set  in.     See  Art.  26. 

(15)  Deaden  the  fire,  cut  the  boiler  out  of  service,  and  allow  it 
to  cool.  Haul  the  fires  when  dead,  empty  the  boiler,  thoroughly 
examine  it,  and  make  all  necessary  repairs.    See  Art.  27* 


2  MARINE-BOILER  MANAGEMENT 

(le)  To  keep  them  clean  inside.     See  Art.  20. 

(17)  Use  one  or  more  of  Ihe  anxiliar}-  pumps.     .See  Art.  31. 

(18)  He  is  .liupposed  to  make  sure,  by  personal  e; 
everything  is  in  good  working  order.     See  Art.  HS. 

(ID)  By  tapping  them  with  a  bamraer.     See  Art.  39i 

(20)  The  dry  method.     S«  Art   46. 

(21)  No.     See  An.  49. 

(22)  By  Art,  dO,  lti5  X  1.&  »  347.6  U>.  per  aq.  io.    Aas. 


§16 


MARINE-BOILER  REPAIRS 


(1)  In  the  former,  large  areas  of  the  plates  are  attacked;  while  in 
the  latter,  the  metal  is  attacked  only  in  spots.     See  Arts.  2  and  3. 

(2)  The  bending  back  and  forth  of  a  plate.     See  Art.  4. 

(3)  Water  or  moisture.     See  Arts.  6  and  7. 

(4)  Oil.     See  Art.  8. 

(6)     Poor  design,  poor  material,  poor  workmanship,  corrosion,  reck- 
less management.     See  Art.  10. 

(6)  It  may  be  exploded.     See  Art.  10. 

(7)  Shut  off  the  gauge,  insert  a  new  glass  properly,  and  reopen  the 
shut-off  valves.     See  Art.  13. 

(8)  By  calking,  by  a  row  of  screw  rivets,  or  by  patching,  according 
to  circumstances.     See  Art.  16. 

(9)  By  reexpanding  the  tube  or  by  using  an  Admiralty  ferrule. 
See  Art.  19. 

(10)  By  using  a  tube  stopper.     See  Arts.  20  to  20. 

(11)  By  calking,  and  if  this  fails,  by  replacing  it  with  a  bolt  and 
nut  or  tap  bolt.     See  Art.  31. 

(12)  If  calking  fails  to  stop  the  leak,  drive  in  a  small  steel  pin  or 
wedge  and  calk  again.     See  Art.  33. 

(13)  Tighten  up  the  nuts  on  the  manhole  studs.     See  Art.  34. 

(14)  By  feeling  the  blow-off  pipe.     See  Art.  35. 

(15)  Set  up  the  joint  bolts;   if  this  fails,  a  new  gasket  must  be 
inserted.     See  Art.  3tt. 

(16)  The  soft  patch  is  bolted  on  while  the  hard  patch  is  riveted  on. 
See  Arts.  15  and  38. 

(17)  Heat  the  bulge  with  a  portable  forge  and  force  it  back  with 
a  hydraulic  jack.     See  Art.  40. 
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(11)  By  rule  lU,  Art.  14, 

A  m  .M^  ..  750  gal.  blown  off  per  hour. 

82 
ThM.  the  total  fMd  i.  8.000  +  760  -  8.760  g«l.    An.. 

(12)  A  reduced  tbrmatlon  of  acide,  a  reduced'  beaf  loae  due  to 
blowing  off,  and  a  keeping  of  oil  and  grease  in  the  feedwater  on  top 
of  the  water  in  the  boiler.    See  Art.  16.  •« 

(13)  It  increases  the  rapidity  of  the  transfer  of  heat,  prevents  to 
some  degree  the  deposit  of  sediment  and  tends  to  keep  the  boiler 
parts  at  a  uniform  temperature.    See  Art.  20* 

(14)  By  division  plates,  by  a  pump,  or  by  some  form  of  circulating 
apparatus.    See  Arts.  22 »  24,  25,  27,  and  98. 

(15)  The  B.  T.  U.  lost  in  each  lb.  of  water  blown  off  is  368.226 

1       \ 

-  120  -  248.226.    By  rule  II,  Art.  14,  1  X  I  y  -  1 }«  4  lb.  of  water 

is  converted  into  steam  for  each  pound  of  water  blown  off.    Then,  the 
total   heat   above   120''  P.   is  [1,194.251  -  (120  -  32)]  X  4  «  4,425.004 

B.  T.  U.    Applying  the  rule  in  Art.  18, 

.  248.226  ARo       cQ  .A 

^  "^  4,426.0M  +  248.226  =  '^  ^  ^'^  P*'  ^^^^^    ^""- 


MARINE-BOILER  INSPECTION 

(PART  1) 


(1)  See  Art.  4. 

53,000-45,000 

(2)  15  H — —T}^ —  =23  per  cent.    Ans.     See  Art.  4. 

(3)  By  application  of  the  rule  in  Art.  19, 

Jx60,000 
Pb  — r =  7,500  lb.  per  sq.  in.    Ans. 

(4)  By  application  of  the  rule  in  Art.  21, 

60,000  xi 
Pw  =  —  ~  AiT"  ^"200  lb.  per  sq.  in.     Ans. 
oX  s 

(5)  By  Art.  26,  tensile  strength  =  30,000  lb.  per  sq.  in.     By  appli- 
cation of  the  rule  in  Art.  22, 

„     30,000X.7X2XJ     ^,^  .         , 

B  = =  90  lb.  per  sq.  m.     Ans. 

5X70  ^     ^ 

(6)  5  =  58,000-^6  =  9,666|.     /?  =  30h-2  =  15.     By   application   of    the 
rule  in  Art.  29, 

_       (35-2)xfX9,666|     ,„„,.  . 

Pw  = , =  172.62  lb.  per  sq.  in.     Ans. 

35X15 

(7)  150X1.5  =  225  lb.  per  sq.  in.     Ans.     See  Art.  30. 

(8)  By  application  of  rule  II,  Art.  32, 

7^,.5xiXl7i-li)^ 
8X(7j-2Xli) 

(9)  For  this  case  «  =  1.     Sec  Art.  33.     By  application  of  the  rule 

in  Art.  34, 

(f)2X. 78.54 XI  .3     ^  ^^. 
p  =  — -3 hf  =  1.928  in.     Ans. 

f 

§18 


MAKINl-:-BOILEF<  INSl'l-XTHW  g  IS 

u|iplic;vlion  o(   the  rule 

2Svi  • 


(II)     liyArr.  36,  the  raaiim urn  pitch  is 


(12)     ForthiscaseH-3.    SceArl.33.     The  rivets  are  in  double  shear; 
then,  on  application  of  the  rule  for  such  ;;onflilion,  as  given  in  Art.  38, 
_23XlH)'X  '^8^X3Xl.73XS^ 
*"  4.26X20xii 


-  -I-}-!  =5.857  in.     Ans. 


(13)  lixl|=2iin,    Ans.    SeeArt.41. 

(14)  lix3=2jin.    Ans.    See  Art.  42. 

(15)  By  Art.  44,  the  rale  in  Art.  43  applies.     Tlien, 


,,     V(llX9+JXli)X(il+4Xl|)     ^„. 
I  -  j^  -  =3.(17  m. 

As  3.97  ill.  is  greater  than  2X  1^+^  =  3^  in.,  3.97  in.  is  the  required  d 

(16)  By  Art.  4B,  the  pnfetred  disttmce  U 

2xl|+|-3}in.    Ans. 

(17)  By  application  of  the  rule  in  Art.  4T, 


V"=Vli4X7+lJ)X(3SrX7+l|)  =2.709  in.    Ans. 

(18)  By  application  of  the  rule  in  Art.  49, 

Pi'-fisXS  +  l -^21  in.     Ans. 

(19)  By  u|)plication  of  the  rule  in  Art.  60, 

„..»21I±12Sii.,„,,.    ... 


(20)     By  application  of  the  rule  in  Art.  63, 
100X(2i-l) 
"  2i 


55.56  per  cent.    Ans. 


(21)     Apply  the  rule  in  Art.  64,  remembering  that  the  rivets  are  ii 
single  shear,  and  that  the  number  of  rivets  in  one  pitch  is  1.    Then. 

100xl'X.78.'i4Xl     ,„„, 
R  — -J — r =  S5.8S  per  cent,    Ans. 
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(22)  For  this  case  »=  3,  and  the  rivets  are  in  double  shear.  Then,  by 
application  of  the  rule  in  Art.  55, 

„     100X23XPX.7854X3X1.75X4.5    ^^  ^^ 

R  = : — i =95.63  per  cent.    Ans. 

4.25X'28X4xl| 

(23)  First  find  the  percentage  of  the  value  of  the  rivet  section  by  the 

rule  in  Art.  54,  remembering  that  the  rivets  are  in  double  shear  and  that 

n  =  5.     Then, 

^     100X(3)^X.7854X5X1.75 

/c  = i — = =  127..K)  per  cent. 

By  application  of  the  rule  in  Art.  56, 

„      100X(5i-2x|)     127.55    ^^  ^^ 

R^  = \ ^  H =  93.69  per  cent.     Ans. 

5t  5 

(24)  The  percentage  of  plate  left  between  rivet  holes  is  found  by  the 

rule  in  Art.  63.     Then, 

10()X(lJ-J)     ,^ 
r=       -      -  =60  per  cent. 

The  percentage  of  value  of  the  rivet  section  is  found  by  the  nile  in 
Art.  54,  in  connection  with  which  it  must  be  remembered  that  the  rivets 
arc  in  single  shear  and  that  »  =  1.     Then, 

„     100X(J)»X. 7854X1     ,^^, 

R  = ^ — a =  62.83  per  cent. 

Since  r  is  smaller  than  /?,  the  efficiency  is  60  per  cent.     Ans. 

(25)  The  i)ercentage  of  plate  left  l)etwecn  the  rivet  holes  is  found  by 
the  nile  in  Art.  53.     Then, 

100X(2j-H)     .,7, 
r  =  —  -  =  / 1 .74  per  cent. 

The  percentage  of  value  of  the  rivet  section  is  found  by  the  rule  in 
Art.  54,  in  connection  with  which  it  must  be  remembered  that  the  rivets 
are  in  single  shear  and  that  n  =  2.     Then, 

^     100X(lf)'X.7854X2     ^,^  ,  ^ 

/?=  \     , =  72.14  percent. 

Since  r  is  smaller  than  /?,  the  efficiency  is  71.74  per  cent.     Ans. 


3  MAklNH-EiOILER  l^SI'I'XTlt  l\  S 

(10)  For  this  case  n-'i.    Sec  An.  a.'t.     By  upijlitittion  ot  Ihc 
in  Art.  35, 

23X(i)'X.7SS4x2     , 
B  =  — - — -    -     V    -        J- T  =a.lin.T  in,     Alls. 
^  28X1  * 

(1 1)  By  Art.  36,  the  maximum  pitdi  is 

2.02xS  +  l|-^3.ai8in.     Ans. 

{12j     Forthiscasen=3.    SeeArt.33.     The  rivets  are  in  double  sh 
llien,  on  application  ot  the  rule  for  such  condition,  as  givon  in  Art.  38, 

p= '" ,, -f  44=5.857  in.     Aus. 

(13)     lixli=2iin.     Alls.     SeeArt.41. 
(U)     lix3  =  2ji.i.    Alls.    SwArt.  42. 

(15)  By  Art.  44,  the  nile  in  Arl.  43  applies.     Thcu. 

^.^  V(llX9+4XlilX(n+4Xl|)^    ^^ 

As  3.87  in.  is  gnstUa  tham3xl4+i=3j  in.,  3.97  in.  is  the  required  dia-  ] 
tancc    Ana. 

(16)  By  Art.  45,  thf  prcferrwi  distance  is 

2XlJ+4-3iin.    Ans. 

(17)  By  application  of  the  rule  in  Art.  47, 


r=V(iix''+li)X(5\iX7+lJ)=2.709in.    Ans. 

(18)     By  application  of  the  rule  in  Art.  49, 

pj  =  Ax5+J-2|in.    Ans. 

(10)     By  application  of  the  rule  in  Art.  50, 

^,_3X7  +  4XlJ_,,.,.^„       .„ 


ition  of  the  rule  in  Art.  53, 
100X(2i-l) 


(21)    Apply  the  rule  in  Art.  54,  remembering  that  the  rivets  are  ii 

single  shear,  and  that  the  number  of  rivets  in  one  pitch  is  1.     Then, 

„    100XI'X.7854X1     „„, 

R= -J — I ^-55.85  per  cent.     Ans. 
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(22)  For  this  case  w  =3,  and  the  rivets  are  in  double  shear.  Then,  by 
application  of  the  rule  in  Art.  56, 

„     100X23Xl*X.7a'>4X3Xl.75x4.5    _  ^„ 

R- -"  — - — : — Ts =  95.63  per  cent.    Ans. 

4.25X28X4X11 

(23)  First  find  the  percentage  of  the  value  of  the  rivet  section  by  the 

rule  in  Art.  64,  remembering  that  the  rivets  are  in  double  shear  and  that 

n  =  5.     Then, 

^     100X(3)^X.7854X5X1.75     ^^^  ^^ 

R  — ^X~"3 ~  127.55  per  cent. 

5f  X  J 

By  application  of  the  rule  in  Art.  66, 

100X(5i-2xI)     127.55 
jl^  = i- »  -I =  93.69  per  cent.     Ans. 

5f  5 

(24)  The  percentage  of  plate  left  between  rivet  holes  is  found  by  the 

rule  in  Art.  53.     Then, 

lOOXdl-f)     ,^ 
r  =  -  -        -  =  oO  per  cent. 

The  percentage  of  value  of  the  rivet  section  is  found  by  the  nile  in 
Art.  54,  in  connection  with  which  it  must  be  remembered  that  the  rivets 
arc  in  single  shear  and  that  «  =  1.     Then, 

„     l(X)X(f)«X.7854Xl     ^^^^ 

R  = S — a =  <>2.83  per  cent. 

Since  r  is  smaller  than  /?,  the  efficiency  is  60  per  cent.     Ans. 

(25)  The  percentage  of  plate  left  between  the  rivet  holes  is  found  by 
the  nile  in  Art.  53.     Then, 

l()0X(2j-f|)     .,  _, 
r  =  —      — -  =  / 1.74  per  cent. 

The  percentage  of  value  of  the  rivet  section  is  found  by  the  rule  in 
Art.  54,  in  connection  with  which  it  must  be  remembered  that  the  rivets 
arc  in  single  shear  and  that  n  =  2.     Then, 

„     100X(H>*X.7854X2    ^^^^ 
R=  .,7     1'        -  =72.14  per  cent. 

2*5  Xf^ 

Since  r  is  smaller  than  /?,  the  efficiency  is  71.74  per  cent.     Ans. 


MARINE-BOILER  INSPECTION 

(PART  2) 


(1)  By  Art.  4,  C-112,  and  r-7.    Application  of  the  rule  in  Art.  4 

gives 

112X7* 
Pu,  =  — — —  =  152.44  lb.  per  sq.  in.    Ans. 

(2)  By  Art.  4,  C-200,  and  r=(f -h|)X.72  =  .72,  which  reduce!  to 

sixteenths  of  an  inch  equals  .72X16  =  11.52.    An  application  of  the  rule 

in  Art.  4  gives 

„      200X11.52*    ,^,,,  ,^ 

p  «  -  - =  103.68  lb.  per  sq.  m.     Ans. 

16*  K     -1 

(3)  By  Art.  6,  r=12  and  /-8;  5=15X16-225.    An  application  of 
the  rule  in  Art.  6  gives 

^     140X(12-hf)«     ,^«^,,  .         . 

B  = =  159.29  lb.  per  sq.  in.    Ans. 

225 

(4)  An  application,  of  the  rule  in  Art.  7  gives 

48.000X(|)«    ,^„,,,,  .        . 

p  _. ^  163.33  lb.  per  sq.  m.    Ans. 

15*  f     -^ 

(5)  In  this  case  the  mean  pitch  of  the  stay-tubes  is  1(>|  inches.    An 
application  of  the  rule  in  Art.  8,  T  being  taken  as  12,  as  f  =  -ff,  gives 

140X12* 

Pvf  = i —  =  182.86  lb.  per  sq.  in.     Ans. 

(lOi)* 

(6)  By  Art.  9,  C=150  and  r=9.    An  application  of  the  rule  in 
Art.  9  gives 

Pu>  = =121.5  lb.  per  sq.  in.    Ans. 

10*  f      ^ 

(7)  By  Art.  11,  C= 28,000  under  Canadian  rules.    An  application  of 
the  rule  in  Art.  1 1  gives 

^^(3j_-2)xix28,000^^      ^^^     ^^  ^ 

50X3}  ^     ^ 

§18 
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(8)  An  application  of  rule  I,  Art  I5i  gives 

L-7'X160-7,H40lb.     Ans. 

(9)  The  area  of  a  2i-inch   stayrod   h   (2i)'X. 7854 -4.9087   sq.   in. 
Thf  urea  supported  is  15}  X 15}  =  240.20  sq.  in.     An  application  of  rule  II. 


"'^' '" Taosf"  '^^''^■^  '*^-  f^  *i- ' 


(10)  By  ArL  13,  Jtf-7,000.    An  application  of  nilc  III.  Art.  15, 
gives 

5,— AX3jx7,O0O-lO,7l8.7.^1b.    Ana. 

(11)  An  application  of  rule  VI,  Art.  15.  gives 

ItCXIW)    ,  ,„ 

=  6.12  aq.  in.     Ans, 


9.000 
(12)    An  application  of  rulf  I.  Art.  10,  Tn.i.kc6 

i-Hx  106X160-34.1 10.88  lb.    Ans. 

of  rule  III.  Art 


(i:n     Ry  Art.   14,   Af-fi.OOO.     An  appli 
„     132XlfiS    54     .,„ 


[14)    An  application  of  the  rule  in  Art.  18  gives 

p. "■°^''*- 171.2  lb.  pCT  .q.  in.    A™. 


-,  and  hence  r=8.5.    An  application  of  the  rule  in  Art.  SO 


41 


=  184.84  lb.  per  sq.  i 


(16)  1  in."-M,and.  therefore.  r=16.    An  application  of  the  rule  in 
Art.  32  gives 

P = ^^^^^ '-' = 245.86  lb.  per  sq.  in.    Ans. 
(V-l)'-6 

(17)  An  application  of  the  nile  in  Art.  33  gives 


(18)    By  Art.  34,  f =4.    An  application  of  the  rule  in  Art.  34  gives 
2X60,000XA_  ,„^  ^^     a™. 

40X4 


MARINE-BOILER  INSPECTION 

(PART  2) 


(1)  By  Art.  4,  C-112,  and  r-7.    Application  of  the  rule  in  Art.  4 
gives 

112X7* 
Pw  ■■  — — —  =  152.44  lb.  per  sq.  in.    Ans. 

(2)  By  Art.  4,  C-200,  and  r-(f -|-|)X.72-.72,  which  reduceci  to 

sixteenths  of  an  inch  equals  .72  X 16 » 11.52.    An  application  of  the  rule 

in  Art.  4  gives 

„      200X11.52*    ,^,^^,, 
*"  *    ~  1 A2 ~  103.68  lb.  per  sq.  in.    Ans. 

(3)  By  Art.  6,  r=12  and  /=8;  5=15X16-225.    An  application  of 
the  rule  in  Art.  6  gives 

140X(12+f)* 
B  = — =  159.29  lb.  per  sq.  in.    Ans. 

(4)  An  application^  of  the  rule  in  Art.  7  gives 

48,000  X(i)* 
Pu,  =  —^—r~-  =  163.33  lb.  per  sq.  in.    Ans. 
15* 

(5)  In  this  case  the  mean  pitch  of  the  stay-tubes  is  lOj  inches.    An 
application  of  the  rule  in  Art.  8,  T  being  taken  as  12,  as  f  =  H^,  gives 

140X12* 
Pw  =  "TTTvTTp  ~  182.86  lb.  per  sq.  in.     Ans. 

(6)  By  Art.  9,  C=150  and  r=9.     An  application  of  the  rule  in 
Art.  9  gives 

150X9* 
Pw  -  — 7^—  =  121.5  lb.  per  sq.  in.    Ans. 

(7)  By  Art.  11,  C= 28,000  under  Canadian  rules.    An  application  of 
the  rule  in  Art.  11  gives 

„     (3j -2)  X  1X28,000 

B  = — -^ =  188.46  lb.  per  sq.  in.    Ans. 
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PROPULSION  OF  VESSELS 


720 

(1)  o4  wo  +  3  =  18  knots.    Ans.    See  Art.  3. 

(2)  Toward  the  ship.    See  Art.  4. 

(3)  By  true  slip  is  meant  the  difference  between  the  speed  at  which 
the  propelling  instrument  projects  a  stream  rearwards  and  the  speed 
with  which  the  water  is  fed  to  the  propelling  instrument;  by  apparent 
slip  is  meant  the  difference  between  the  speed  at  which  the  propelling 
instrument  projects  a  stream  of  water  rearwards  and  the  ship's  speed 
as  shown  by  the  log.     See  Arts.  6  and  8. 

(4)  No.    See  Art.  7. 

(5)  A  high  wake  velocity;  failure  to  take  a  favoring  current  or 
wind  into  account.     See  Art.  9. 

3608  1  4 

(R\    -        ^^^^ 

^  '     -358815    Ans.     See  Art.  10. 

(7)  Speed  of  stream  projected  by  the  screw  propeller  is  15  X  100 

=  1,500  ft.  per  min.     Speed  of  ship  in  respect  to  the  wake;  that  is,  the 

velocity  with  which  the  water  is  fed  to  the  screw  is  16  -  2  =  14  mi. 

14  X  6  060 
per  hr.  =     — «o~  ~    ~  1»418.7  ft.  per  min.,  nearly.    Applying  rule  I, 

Art.  17, 

St  =  — 1~^ ^  =  .0542  =  5.42  per  cent.    Ans. 

See  also  Art.  34. 

*  6  080  X  15 

(8)  The   speed   of   the  vessel,   in    feet   per   minute,   is  — — tta    — 

oO 

=  1,520  ft.  The  velocity  at  which  the  paddle  wheels  project  a  stream 
is  14  X  3.1416  X  40  =  1,759.3  ft.  per  min.,  nearly.  Applying  rule  II, 
Art.  17, 

^         1.759.3  -  1.520         iQ«       ,Q«  *  ,         A 

•3*  =         -  "^cTq ~  *^^  ~  *^-^  P®*"  cent.,  nearly.    Ans. 

See  also  Art.  21. 


PROPULSION  OF  VESSELS 


Sin 


(fl)     Applying  the  rule  in  Art.  24, 

^        <J,OHO  X  lo_    ^ 

:l.l4lex^uxao 


(10)     The  speed  of  the  ship  through  the 
Itl  X  5.ZK1 


nearly.    Ans. 

...„,.!|».,....., 

1,072  ft.  permin.    Applying  the  rule  iD  Art.  85, 
=  21.12  ft.,  nearly.     Ans. 


.3)  XS.14111 

(11)  (a)  When  the  blades  have  a  greater  pitch  fit  the  tip  lh»ii  at 
the  hull,  the  pitch  is  said  to  be  radially,  expanded. 

ib\  When  the  blades  have  a  greater  pitch  at  the  posterior  portion 
than  at  Ihe  anterior  porlion,  the  pitch  is  said  to  be  atiatly  ezpa-tidcd. 
See  Art.  29, 

(12)  The  area  of  the  circle  bavlnjr  a  radius  equal  to  Ihe  length  o[ 
the  blades,  measured  from  the  center  of  the  shaft  to  the  tips.  See 
Art.  3«. 


-  4.(>  tt..  nearly.     Ana. 


ao 
la  An.  36, 

p=  --  '*'"■'" 

(i  -  ,l2)x"20d  " 

(15)  Applying  the  rule  in  Art.  36, 

O  =  20,000  X-J^^g^-j.i  -  10.»4,  say  11  ft.    Ans. 

(16)  The  cross- sectional  area  of  the  stream  projected  by  the  screw 
propeller  is  18'  X  .7S54  -  4"  X  .7854  =  241.!)1  sq.  ft.     The  velocity  of 


60 
21.06  ft.  per  sec,  nearly.  Hence, 
1.37  (t,  per  sec.  The  weight  of  the 
3  X  64,1  =  361,765.04    lb.      Applying 


velocity  of  the  ship  is 


13X6,0H0 


60X60 

the  true  slip  is  23.aT  -  21.96  = 
stream  per  sec.  is  241.»1  X  23. 
the  rule  in  An.  39, 

361.766.00 
32.16 
See  also  Art.  40. 


1.37 


15,411  lb.,  nearly.-  Ans. 


(17)     Applying  the  rule  in  Art.  4 1, 

_  33^000_Xj^,a>0 
'  ""         20X70" 


-^        =  24.042.86  lb.    Aa». 


§  19  PROPULSION  OF  VESSELS  8 

(18)  Applying  the  rule  in  Art.  42, 

^'  =  04i6"x"l8  X  40  =  ^'^^-^  ^^'    ^''^' 

(19)  From  Table  I,  it  =  240.    Applying  the  rule  in  Art.  47, 

^       17»  X  ^916.6*       oooof    u    o  I        A 

//  = ;^r^T —       =  8,802  I.  H.  p.,  nearly.    Ans. 

(20)  Applying  the  rule  in  Art.  50, 

«,         ou  X  18        ^  J  . 

Ai  =  -        —  =  /2  rev.  per  min.    Ans. 

(21)  Applying  the  rule  in  Art.  61, 

jp  14  X  5.280  ^  .  ,         A 

^  =  60"3r21  X  3.1416  X(l  -  .15)  =  ^  ^^'  ^^^  "^°-  °^^^y-     ^°^- 

(22)  Applying  the  rule  in  Art.  62, 

„       60X21  X  14  X  3.1416  X(l  -  .25)       a  qa         .       • 

re  = iTTioA ^ =  0.84  naut.  mi.  per  hr.,  nearly, 

.  o,UnU 

Ans. 

(23)  Applying  the  rule  in  Art.  62, 

.,       60X200X  10  X(l-  .1)        ,7  -«  u     ♦     «       I         A 
A'  =  B~a80 ~  17. <6  knots,  nearly.    Ans. 

(24)  Applying  the  rule  in  Art.  63, 

y/,  =  ?^^'5?2  =  9,595.7  I.  H.  P.    Ans. 

(25)  Applying  rule  I,  Art.  66, 

21'  X  120 
c  =  —  -^    —  =  138.9  T.  per  da.,  nearly.    Ans. 

(26)  Applying  rule  II,  Art.  55, 

s  —  \  —  i^ —  =  10.5  mi.  per  hr.,  nearly.    Ans. 


2  PROPULSION  OF  VESSELS  §19 

(9)  Applying  the  rale  in  Art.  24, 

^  "  3.1416  X  40  xeo"  ^^-^  ^"  ^^^^'    ^"• 

120 

(10)  The  speed  of  the  ship  through  the  water  is  -|^  -h  4  »  19  mi^ 

per  hr.,  or ^ —  •■  1,672  ft.  per  min.  Applying  the  rale  in  Art.  25, 

A  -  (1 «  ,3)  X  8.1416  X  36  *  21.12  fl..  nearly.    Ans. 

(11)  (a)  When  the  blades  have  a  greater  pitch  at  the  tip  than  at 
the  hub,  the  pitch  is  said  to  be  radially^ expanded.  ' 

{d)  When  the  blades  have  a  greater  pitch  at  the  posterior  portion 
than  at  the  anterior  portion,  the  pitch  is  said  to  be  azially  expanded. 
See  Art.  29. 

(12)  The  area  of  the  circle  having  a  radius  equal  to  the  length  of 
the  blades,  measured  from  the  center  of  the  shaft  to  the  tips.  See 
Art.  80. 

(13)  7  ft.  8  in.  »  92  iu.    Applying  the  rale  in  Art.  81, 
/>-?^^<-^^-4081n.»i^-34ft.    An.. 

(14)  8  knots  -  ^^^^  «  810.67  ft.  per  min.  Applying  the  rale 
in  Art.  35, 

^  =  (r^i2rx  200  =  *-^  "••  °**''y-  '^"'- 

(15)  Applying  the  rule  in  Art.  36, 


D  =  20,000  X  Vpoi'^'yVa  =  10.954,  say  11  ft.    Ans. 


300 
(13i  X  75)' 


(16)  The  cross-sectional  area  of  the  stream  projected  by  the  screw 

propeller  is  18'  X  .7854  -  4'  X  .7854  =  241.91  sq.  ft.     The  velocity  of 

20  X  70 
the  stream  in  relation  to  the  vessel  is  — ^z: —  =  23.33  ft.  per  sec.     The 

13  X  6  080 
velocity  of  the  ship  ^s  -ttx— — ^-  =  21.96  ft.  per  sec,  nearly.     Hence, 

the  true  slip  is  23.33  -  21.96  =  1.37  ft.  per  sec.     The  weight  of  the 

stream   per  sec.   is   241.91x23.33x64.1  =361,765.04   lb.     Applying 

the  rule  in  Art.  39, 

_      361,765.04X1.37       ,..„,.  ,        a 

T=  — -  oo^Tb =  15,411  lb.,  nearly.    Ans. 

See  also  Art.  40. 

(17)  Applying  the  rule  in  Art.  41, 

7^,  =  33^_X_^.020  ^  2,_(„2.86  lb.    Ans. 


REFRIGERATION 


(1)  By  a  heat  transfer,  a  chemical  action,  an  adiabatic  expansion, 
and  the  evaporation  of  liquids  having  a  low  boiling  point.     See  Art.  1. 

(2)  That  expansion  of  a  gas  that  is  accompanied  by  a  lowering  of 
its  temperature  proportional  to  the  conversion  of  its  heat  into  work,  is 
adiabatic;  likewise,  that  compression  that  is  accompanied  by  a  rise  in 
temperature  proportional  to  the  conversion  of  the  work  done  into  heat, 
is  adiabatic.     See  Art.  2. 

(3)  Expansion  and  compression  not  accompanied  by  a  change 
from  the  original  temperature.     See  Art.  3. 

(4)  Yes.     See  Art.  4. 

(5)  B.  T.  U.  abstracted  per  day  =  90,000  X  24  =  2,160,000.  Apply- 
ing the  rule  in  Art.  6, 

„_    2.1(50.000  _  -  .  ^       . 
^  ""  "288,000     "  '•'*'  ^-     ^"^- 

2  000  X  12 

(6)  By  Art.  8,  -  ^    _^   "  =  8.57  lb.  of  ice  melted  per  pound  of 

J,8Uu 

coal  burned. 

(7)  No,  The  lower  the  temperature,  the  lower  will  be  the  dew 
point.     See  Art.  lO. 

(8)  Its  inflammability.     See  Art.  17. 

(9)  Aqua  ammonia  is  a  liquid,  while  ammonia  gas  is  a  gas. 
See  Art.  21. 

(10)  It  corrodes  these  metals.     See  Art.  21. 

(11)  By  a  hydrometer  suitably  graduated.     See  Art.  22. 

(12)  In  dry  compression,  the  compression  cylinder  is  cooled  by 
water  surrounding  it;  while  in  wet  compression,  the  cooling  is  obtained 
by  admission  of  liquid  anhydrous  ammonia  to  the  inside  of  the  com- 
pression cylinder.     See  Arts.  29  and  30. 

(13)  On  the  affinity  of  ammonia  vapor  for  water.     See  Art.  32. 
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Hauling  fires,  (12,  p21 
Head.  Boiler.  (9,  plO 

Down  by  the,  (9,  p5 
Heads,  Boiler,  (10,  pl3 

Bumped,  (10,  pl7 

Dished.  (10.  pl7 

Flat  boiler.  (10,  pl3 

Rules  for  boiler,  (18.  p69 
Heat  by  blowing  off.  Loss  of,  (15.  p  19 

losses  and  their  prevention,  (13,  pl9 

losses    in    smokestacks,    High-tempcraturc, 
(13,  p21 

losses.  Miscellaneous,  (13,  pl9 

losses.  Moisture  and  distillation,  (13,  p20 

of  combustion,  (12,  p8 

of  vaporization,  Latent,  (20,  pi 

Purifying  feedwater  by,  (14,  p44 

transfer  to  water,  (15,  p21 
Heated-air  supply,  (13.  pl4 
Heater  and  purifier,  Bu£falo  feedwater,  (14,  p44 

Blake  marine  feedwater,  (14,  p51 

Feedwater.  (14,  p50 
Heaters,  Closed  feedwater,  (14,  p55 

Ox)en  feedwater,  (14.  p53 
Heating    and    circulating    apparatus.    Craig. 
(15.  p25 

Feedwater.  (14.  p50 

power,  (12,  p8 

surface,  (9,  p9 

value,  (12.  p8 
Heaving  to,  (9,  p4 
Helicoidal  blade  area,  (19,  p23 

propeller  area,  §19,  p23 
Herring-bone  grate  bars,  ( 10,  p38 
High-temperature  heat  losses  in  smokestacks, 

(13,  p21 
Hints  on  firing.  Practical,  (12,  p21 
Hoe,  (12.  pl9 
Hold.  (9,  p3 
Honeycombing.  §17,  pi 


Hydrogen.  Carbureted.  (13,  p2 
Hydrokineter,  §15,  p29 
Hydrometer,  Jl.'i,  pl2 

Finding  saturation  by,  {15.  pl2 
Hydrostatic  boiler  tests.  Hammer  and,  (IG,  p20 

test  pressures,  (18,  p21 


Ice  making.  Can  system  of,  (20,  p27 

-making  capacity.  (20,  p5 

making,  Plate  system  of,  (20,  p27 

-melting  capacity,  (20,  p4 
Ignition  temperature,  (13.  p4 
Immersion  of  the  buckets.  (19,  pl2 
Impurities  in  feed  water,  (14,  p32 
Inboard,  §0,  p2 
Incidence.  Angle  of.  (10,  pl5 
Indicated  thrust.  (19,  pp31.  33 
Induced    draft,    Ellis    &    Eaves    system    of, 

(12.  p36 
Injection.  Oil.  (20.  p21 

system.  Oil-.  (20,  p22 
Injector,  Action  of.  (14,  pl3 

Buffalo  automatic,  (14.  plO 

Korting  universal  double-tube,  (14.  p22 

Monitor  lifting.  (14,  p25 

Penberthy  automatic,  (14.  pl8 

troubles  and  remedies.  (14.  p27 
Injectors,  Advantages  of.  (14,  p31 

Automatic,  (14.  pl8 

Construction  of,  (14.  pl7 

Double-tube.  (14.  pl8 

Installation  of,  §14,  p2ti 

Lifting,  §14,  pl7 

Non-lifting.  (14,  pl7 

Positive.  §14,  pl8 

Range  of.  §14,  plO 

Size  of.  §14.  p2r> 
Inspection.  Boiler,  §l(i.  p2H 

Marine-boiler.  §1S,  ppl.  '.VJ 


Jet,  Bloomsburg  steam,  (12,  p30 

condenser,  (14,  p2 
Joint,  Butt,  (10,  p5 

Double-riveted  lap.  (10,  p6 

Packed  expansion,  (11.  p43 

Single-riveted  lap.  (10,  p5 

Slip.  (11.  p43 
Joints,  Arrangement  of  riveted,  |10,  p8 

Butt,  (10.  p7 

Efficiency  of  riveted.  (18.  i>33 

Expansion,  (11,  p43 

Forms  of  riveted,  (10,  p5 

Proportions  of  riveted.  (18.  p24 

Riveted.  (10.  p3;  (18,  p21 


Kinds  of  fuels.  (12.  pll 

Korting  universal  double-tube  injector,  |14,  p22 


Laminations.  (17,  p5 
Lap.  (10.  pd 

joint,  Double-riveted,  (10,  p6 

joint.  Single-riveted,  (10.  p5 
Latent  heat  of  vaporisation.  (20.  pi 

-heat  refrigeration,  (20.  pl2 

-heat  refrigerating  machines.  (20,  pl2 
Laws  of  chemical  combinations.  |12,  pi 
Laying  off  and  on,  (0.  p4 

to,  (9,  p3 

up  boilers,  (16,  p2i> 
Lazy  bar.  (10,  p40 
Leaks,  Repairing  boiler.  (17.  pll 
Leaky  blow-off  cocks.  (17,  pl9 

boiler  tubes,  (17,  pll 

handholes,  (17.  pl9 

manholes,  (17,  plO 

pipes,  §17,  p20 

rivets,  §17,  pl8 

seams.  §17,  pl8 
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Lever  safety  valve,  §11.  pi 

safety-valve  calculations,  §11,  p7 
Lifting  injector,  Monitor,  §14,  p25 

injectors.  §14,  pl7 
Lighting  fires.  §12.  p21 
Lignite  coal.  §12,  pl3 
Lime,  Carbonate  of,  §14,  p32 

Sulphate  of.  §14,  p32 
Line.  Log.  §9.  pd 

Liquor.  Strength  of  ammonia,  §20,  pl6 
Listed.  §9.  p3 
Load  water-line,  §9,  p4 
Lock-up  safety  valve,  §11.  p6 
Locomotive  boiler,  §9,  p20 
Log.  §9.  p6;  §19.  p6 

chip,  §9,  p6 

line,  §9.  p6 
Loss  of  feedwater.  §15,  pi 

of  heat  by  blowing  off.  §15,  pl9 
Losses  and  their  prevention.  Heat,  §13,  pl9 

in     smokestacks.     High-temperature    heat, 
§13.  p21 

Miscellaneous  heat.  §13,  pl9 

Moisture  and  distillation  heat.  §13,  p20 
Low  water  in  boilers.  §16,  pl6 

M 

Machine,  Allen  dense-air  refrigerating,  §20,  p8 

Running   an   Allen   dense-air   refrigerating, 
§20.  p28 

Running  an  ammonia-absorption  refrigerat- 
ing. §20.  p31 

Running    an    ammonia-compression    refrig- 
erating. §20.  p29 
Machines,  Capacity  of  refrigerating,  §20.  p4 

Pree-air  refrigerating,  §20,  p5 

Latent-heat  refrigerating,  §20.  pl2 

Running  refrigerating.  §20.  p28 
Magnesia.  Carbonate  of.  §14.  p33 

Sulphate  of.  §14.  p33 
Magnesium.  Chloride  of,  §14,  p33 
Main  check-valve,  §14,  pl2 

feed,  §14.  p3 

feed-pump  broken  down,  §16,  pl9 
Making  fast.  §9.  p4 

up  loss  of  feedwater.  §15.  pi 
Malleable-iron     castings.     Specifications     for, 

§18,  p8 
Management  at  sea.  General  boiler,  §16,  pl3 

Marine-boiler.  §16,  pi 

when  steaming.  Boiler,  §16.  pi 
Manholes,  §9.  pl2:  §10.  pl7;  §18.  p39 

Leaky.  §17.  pl9 
Marine-boiler  accessories,  §11,  pi 

-boiler  details,  §10.  pi 

-boiler  feeding,  §14,  pi;  §15,  pi 

-boiler  inspection,  §18,  ppl,  39 


Marine-boiler  management,  §16,  pi 

•boiler  repairs,  §17,  pi 
Marine  boilers.  Construction  of,  §9,  plO 

boilers.  Types  of.  §9,  pi 

boilers,  Vertkal,  §9.  p30 

feedwatte  heater,  Blake,  §14,  p51 
Marsh  gas,  §13.  p2 

Materials,  Specifications  for  boiler,  §18,  pi 
Maximtmi  evaporation,  §12,  p9 
McGregor  brace.  §10.  p29 
Measurement  of  ship's  speed,  §19,  p2 

Salt.  §15.  plO 
Measuring  pitch  of  screw  propeller.  §10,  p24 
Mechankal  draft,  §12,  p32 

draft,  Howden's  closed  ash-pit  system  of. 
§12,  p33 
Melting  capacity.  Ice-,  §20,  p4 
Mercurial  steam  gauge,  §11,  pl8 
Metallic  steam  gauge,  §11,  pl8 
Methods  of  propulsion,  §19,  pi 

of  purifying  feedwater,  §14,  p34 
Mineral  oil,  §12,  pl4 
Miscellaneous  boiler  repairs,  §17,  p26 

heat  losses,  §13,  pl9 
Mississippi  boiler,  §9,  p46 

gauge-cock,  §11,  p25 
Mixtures.  §12.  p5 

Moisture  and  distillation  heat  losses.  §13,  p20 
Molecular  weight.  §12,  p4 
Monitor  lifting  injector,  §14,  p25 
Mooring,  §9,  p4 
Morison  furnace  door,  §10.  p41 

suspension  furnace  Hue.  §10.  p36 
Mud-drum.  §9.  pl2;  §10,  p23 

-valve,  §9,  pi 4 

N 

Natural  circulation  of  water.  §15.  p21 

draft,  §12,  p30 
Nautical  terms.  §9,  pi    • 
Negative  slip.  §19,  p6 
Nessler's  reagent,  §20.  pl8 
Non-combtistible  substances.  §13,  p2 

-lifting  injectors.  §14,  pl7 


Ocular  boiler  inspection.  §16.  p28 

Off  shore.  §9,  p2 

Oil.  Combustion  of.  §12.  p23 

in  feedwater.  §14.  p33 

injection.  §20.  p21 

-injection  system,  §20.  p22 

Mineral,  §12,  pl4 
Olefiant  gas,  §13,  p2 
On  an  even  beam.  §9,  p5 
Open  feedwater  heaters,  Jl-I,  p53 
Openings.  Reinforcement  of,  §18,  p40 


wneei,  reauienng.  f iv,  pjo 

wheel.  Radial.  (19.  pl4 

wheel.  Rolling  circle  of.  (19,  pl8 

wheel.  Slip  of,  (19,  pl2 

wheels.  (19.  pU 

wheels.  Size  of,  (19,  pl9 
Pakn  suy.  (9.  p21;  (10.  p28 

stays.  Rules  for,  (18,  p5d 
Pan.  Scum.  (11.  p37 
Patch,  Soft.  (17.  p9 
Penberthy  automatic  injector.  (14.  pl8 
Percentage  of  combined  plate  and  rivet  section, 
(18.  p36 

of  plate  between  holes,  (18,  p34 

of  value  of  rivet  section.  (18,  p34 
Pictet  fluid.  (20.  pl4 
Pipe  boilers,  Sectional.  (9.  p46 

Dry.  (11.P55 

fittings.  (11.  p39 

Steam,  (9.  p9 
Pipes.  Leaky,  (17.  p20 

Rules  for,  (18.  p74 

Specifications  and   tests  for  seamless  steel 
steam  and  water.  (18.  p7 

Specifications  and   tests   for  welded   steam 
and  water.  (18,  p6 

Stand.  (9,  pl4 
Pitch,  (10.  p6 

Axially  expanded,  (10.  p23 

Diagonal.  (10.  p6 

Expanding.  (19.  p2S 

of  rivets.  Rules  for,  (18,  p25 

of  rivets.  Rules  for  diagonal,  (18.  p30 

of  screw  propeller.  (19,  p21 

of  screw  propeller.  Measuring,  (19,  p24 

of  stays,  (18,  p52 

Radially  expanded,  (19.  p22 

ratio  of  propeller,  (19,  p24 
Pitching,  §9.  p2 
Pitting.  §17.  pi 
Plain  furnace  flues,  §10.  p.'W 


water- 


waisi,  fv,  po 
Positive  injectors.  (14,  pl8 
Pot,  Salinometer.  (15.  pl4 
Powering  of  vessels.  (19,  p39 
Practical  hints  on  firing.  (12.  i>21 
Pressure  allowable  on   drums  of 
boilers.  Working,  (18.  pl9 

allowable  on  shell  of  superfaeatert,  Worl 
§18,  pl9 

Center  of,  (19,  pl2 

Draft,  (12,  p30 

gauge.  Bourdon,  (11,  pl8 

on  boiler  shell,  American  rule  for  wor! 
(18.  pl2 

on  boiler  shell,  Canadian  rCiles  for  wor! 
(18,  pl4 
Pressures.  Bursting,  working,  and  test.  (18 

HydrosUtic  test.  (18,  p21 
Prevention,  Heat  losses  and  their.  §13,  pit 

of  boiler  explosions,  (17,  p6 

Smoke.  (13,  p8 
Priming,  (16,  pll 
Principles  of  combustion,  (13,  pi 

of  refrigeration.  Fundamental,  (20.  pi 
Producing  cold.  Processes  of,  (20,  pi 
Products  of  combustion,  (12,  p5 
Projected  blade  area,  (19,  p23 

propeller  area,  (19,  p2o 
Propeller  area.  Developed,  §19,  p33 

area,  Helicoidal.  (19,  p23 

area.  Projected.  (19,  p23 

Blade  of  screw.  (10,  p21 

Disk  area  of.  (19,  p24 

Measuring  pitch  of  screw,  (10,  p24 

Pitch  of  screw.  (19.  p21 

Pitch  ratio  of.  (19.  p24 

Size  of  screw,  (19,  p28 

Slip  of  screw,  (19,  p28 
Propellers,     Definitions     relating     to     si 

(19.  p2i 
Propelling  instruments,  (19.  pi 
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Purificatton,  Feedwatcr,  JH,  p32 
Purifier,  Buffalo  feed  water  heater  and,  (14,  p44 
Purifying     feedwater     by     chemical     means, 
S14.  p46 

feedwater  by  filtration,  §14,  p35 

feedwater  by  gravity  separation,  §14,  p42 

feedwater  by  heat.  (14,  p44 

feedwater,  Methods  of,  (14,  p34 
Purpose  of  combustion  chamber,  (10,  p42 

of  evaporators,  (15,  p2 
Purves  ribbed  furnace  flue,  (10,  p36 
Pyrites,  Iron.  (13,  p3 


Quarter  deck,  (9,  p7 
Quiggin  evaporator,  (15,  p7 


Racing,  (9,  p4 

Radial  paddle  wheel,  (19,  pl4 

Radially  expanded  pitch,  (19,  p22 

Rail.  (9,  p2 

Raising  steam,  (16.  p6 

Range  of  injectors,  (14,  ppl6.  17 

Ratio  of  propeller.  Pitch,  (19,  p24 

Reagent.  Nessler's.  (20.  pl8 

Real  slip,  (19.  p4 

Reduction  of  horsepower  when  towing,  (19,  p46 

Reflex  feedwater  filter.  (14.  p38 

Refrigerating  agents,  (20,  pl2 

agents,  Cooling  effects  of,  (20,  pl8 

agents.  Properties  of.  (20.  pl3 

capacity.  Unit  of.  (20.  p4 

machine.  Allen  dense-air,  (20,  p8 

machine.     Running     an     Allen     dcnsc-air, 
(20.  p28 

machine.  Rtmning  an  ammonia-absorption, 
(20.  p31 

machine.  Running  an  ammonia-compression, 
(20.  p29 

machines.  Capacity  of.  (20,  p4 

machines.  Free-air,  (20,  p5 

machines.  Latent-heat,  (20,  pl2 

machines,  Running,  (20.  p28 

system.  Brine,  (20.  p25 

system.  Direct-expansion,  (20.  p25 
Refrigeration,  (20,  pi 

Adiabatic -expansion,  (20,  po 

Fundamental  principles  of,  (20.  pi 

Latent-heat,  (20.  pl2 

system,  Ammonia-absorption,  (20.  p23 

system.  Ammonia-compression,  (20,  pl8 
Register  pattern  Rauge-cock.  (11.  p24 
Regulation,  Feedwater,  (16.  pl3 

Salt,  §15,  plo 

Saturation.  (Irt.  pl4 
Reinforcement  of  openings.  (18,  p40 


Relation  between  horsepower  and  revolutions, 
(19.  p44 

of  coal  consumption  to  speed,  (19,  p47 
Relief  valve.  Feed,  (14,  pl3 
Relieving  watches,  (16,  pl9 
Remedies,  Injector  troubles  and,  (14,  p27 
Repairing  boiler  leaks,  (17,  pll 
Repairs  at  sea.  Boiler,  (17,  p7 

Boiler-plate.  (17.  p22 

Boiler-stay,  (17,  p24 

Boiler-tube,  (17,  p23 

Furnace,  (17,  p25 

in  port.  Boiler,  (17,  p21 

Marine-boiler,  (17,  pi 

Miscellaneous  boiler,  (17,  p26 
Retarder.  Spiral.  (10,  p53 
Revolutions,  Relation  between  horsepower  and, 

(19,  p44 
Ribbed  furnace  flue,  Purves,  (10.  p35 
Ripper.  (17,  p23 
Rivet,  Rules  for  diameter  of,  (18.  p28 

Screw,  (17,  plO 

section.  Percentage  of  combined  plate  and, 
(18.  p36 

section.  Percentage  of  value  of,  (18,  p34 

to  edge  of  plate.  Rule  for  distance  from  cen- 
ter of,  (18,  p28 
Riveted  joints.  (10.  p3;  (IS,  p2I 

joints.  Arrangement  of.  (10,  p8 

joints,  Efficiency  of,  (18,  p35 

joints,  Forms  of,  (10,  p5 

joints.  Proportions  of.  (18,  p24 
Riveting,  Chain.  (10,  p6 

Staggered,  (10.  p6 

Zigzag.  (10.  p6 
Rivets.  (10.  p3 

Leak>-,  (17,  pl8 

Rules  for  diagonal  pitch  of.  (18,  p30 

Rulra  for  distance  between  rows  of.  (18,  p28 

Rules  for  pitch  of.  (18.  p25 

Specifications  and  tests  for,  (18,  p5 
Roberts  boiler,  (9.  p46 
Roller  tube  expander,  Dudgeon,  (10.  pol 
Rolling.  (9.  p2 

circle  of  paddle  wheel,  (19,  pl8 
Ross  feedwater  filter,  (14,  p35 
Rows  of  rivets,   Rules  for  distance  l»ctwecn. 

(18.  p28 
Rule    for    cone-shaped    combustion    chamljcr, 
(18,  p64 

for  distance  from  center  of  rivet  to  edge  of 
plate,  (18,  p28 

for  girder  stays,  (18,  pr»9 

for  safety-valve  steel  spring.  (11,  pl5 

for  working  pressure  on  boiler  shell,  Ameri- 
can. (18,  pl2 
Rules  for  boiler  efficiency.  (13.  p22 
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valve.  Lever,  |ll.  Pi 

valve.  Lock-up,  11l,p6 

valve.  Pop,  111,  p4 

valve.  Site  of.  III.  pS 

valve.  Spring-loaded.  |ll.  p3 

-valve  iteel  spring.  Rule  (oi.  111.  plS 
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